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ABSTRACT

This collection of papers deals with the planetary
morphology of oval auroral zones at varying levels of
magnetic disturbances, aurora height in circumpolar areas,
the variations of the auroral height with variatiomns of
planetary magnetic disturbances, the morphology of U-like
auroras, as well as height variations of certain emissions.:
Auroras observed in years of minimal and maximal polar
activity (latitude distribution, auroral motion, the
orientation of elongated shapes) are compared. A system
for the computerization of visual observation data of auroras,
as used by the meteorological network of the USSR, is detailed.
Investigation reports, covering a number of geophysical pheno-
mena, which accompany the intrusion of high energy particles
into the upper layers of the atmosphere, are included. Varia-

tions of x-ray radiation in the stratosphere are described.

This book is intended for students of ionospheric
auroras and of the variable magnetic field of the Earth.
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A COMPREHENSIVE INVESTIGATION OF THE POLAR IONOSPHERE

L.S. Yevlashin, S.A. Zaytseva, G.A. Loginov, G.A.
Petrova, M.I. Pudovkin, Z. Ts. Rapoport, V.K. Roldugin,
N.S. Smirnov, G.V. Starkov, P. Ya. Sukhoivanenko,

N.V. Shul'gina

The paper presents results of simultaneous observations
on a vertical sounding station and by riometers, operating on
several frequencies, of the state of ionosphere of the varia-
tions of the electromanetic field of the Earth and of the
intensity of the spatial position and spectrum of aurora.

The paper discusses the spatial connection of electric
currents in the ionosphere, aurora and ionospheric inhomogen-
eities (Es layer and the region of the enhanced radiowaves

absorption). The paper analyses the frequency dependence of
absorption of cosmic radioemission and its variants depend-
ing on the form of aurora and on the depth of penetration

of ionizing radiation. The relative intensity of streams

of auroral protons and electrons is evaluated. The paper
also discusses the microstructure of geomagnetic disturb-
ances connected with active and quiet forms of aurora.

In spite of the large number of reports which establish a close correlation
between auroras and geomagnetic and ionospheric disturbances [1 - 5], the de-
tailed relationship between these phenomena has as yet not been clarified.
Notably, auroras, and geomagnetic bays are usually accompanied by the appear-—
ance of sporadic formations of the ES layer level. However, until now it has
not been established whether the regions of auroral glows and increased ion-
ization, which produces the radio echo on the ionograms, do indeed coincide

spatially.

It is not entirely clear at what height the region of increased ionization

responsible for radio wave absorption in auroral zones during geomagnetic

* ) . . . » ;-7 ) V r
Numbers in the margin indicate pagination in the original foreign text.
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disturbances is located, nor do we know how this region is related to
.simultaneously observed auroras and the ES layer. The problem becomes
considerably complicated because differently shaped auroras are apparently

caused by the intrusion of corpuscular streams with different energy spectra,

and are accompanied by the emergence of increased ionization at different héights.
Moreover, the energy spectrum of the intruding corpuscles and, consequently,
their penetration depth, may vary during a single disturbance, the laws governing

the variations being unknown.

The investigation of auroral optical spectra reveals the presence of
hydrogen emissions. The relative intensity of these emissions indicates that
the proton stream is usually much less intense than the electron stream [6].
This conclusion is supported by direct measurements of intruding proton particle
streams, using rockets [7, 8]. However, the energy of the intruding protons,
computed from rocket data, is at least by one order of magnitude greater than
the energy determined from the magnitude of the Doppler shift of hydrogen lines
in the auroral spectrum [9]. In view of this, the problem regarding the rel-
ative role of the proton and electron streams cannot be considered solved,

and additional investigations in this direction are of distinct interest.

Experimental Findings

The close relationship and reciprocity of the aforenamed geophysical
phenomena determine to a certain degree the methods to be applied in their
investigation. Only simultaneous and detailed investigation can further widen
our knowledge regarding the character and nature of physical processes in the
ionosphere, which are related to the intrusion of corpuscular streams into 16
the upper layers of the Earth's atmosphere. In view of this, the Polar Geo-
physical Institute initiated the use of the following methods of complex
investigation of the disturbed ionosphere.

1. Vertical ionospheric sounding, using a panoramic ionospheric
station.
2. Measuring radio wave absorption in the ionosphere by the radio-

astronomy method A2 at a series of frequencies.

2
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3. Registration of the Earth's electromagnetic field variatioms, using
equipment with varying sensitivity and varying rate of photographic paper
processing.

4. Auroral photography, using C-180 cameras.

5. Photography of auroral spectra by SP-48 high-dispersion spectro-
graphs covering the spectral range from 4,100 to 6,8002 , and by a patrol
spectrograph C-180-S.

' 6. Auroral intensity registration in integral light, using a zenith
photometer.

7. Studying the spatial brightness distribution of auroras in the
emissions of 4278, 5300, 5577, 5893, and 6300 R, using a scanning photometer
with a 3° angle of vision and the rate of scansion of the celestrial hemisphere
.at 8 seconds per filter.

8. Measuring the auroral height by triangulation as both by

photographs taken with C-180 cameras and by using visual sounding of the auroral

angular height.

The observation stations were located in Murmansk (¢ = 68°57' N;

A = 33°05'" E) and in Loparskaya, which is 37 km south of Murmansk. The
angular distance between these two stations is 20.4 of the arc of the large
circle, rather than 24', as erroneously indicated in [10]. The direction
Loparskaya ~ Murmansk makes a 14° angle westward with respect to the geographic
meridian. Theodolites with sighting devices were used for the visual sounding
of auroral angular heights. Auroral heights were taken from nomograms, cal-
culated from formulae, as suggested in [10]. The observations were synchro-

nized, using direct radio-telephonic communications between the observation
stations.

Two nights were selected for observations: 2-3 and 6 - 7 March 1965;
during the first night, a moderate geomagnetic polar storm took place, where-

as a small geomagnetic storm occured during the second night.

The ionospheric processes during those two nights developed as follows:



On 2 March, auroras became apparent immediately at dusk. At 16h 53"

(here and below, we are referring to world time), an aurora appeared at the
northern horizon; it soon took the shape of an arc which began to rise

above the horizon. At 17h 26m, the auroras reached the zenith and_up to 21h,
while the sky was clouded, there were dynamic radiant auroras with varying
brightness reaching a strength of 3. After 21h, there was precipitation in the

form of snow; however, auroras were still apparent in the northern direction

through the clouds.

On 6 March, auroras began at 19h 20", 1In the north a uniform arch
formed. which, gradually becoming stronger, approached the zenith.
20h, radial shapes became apparent and auroras occupied the major part of the
sky. Beginning at 21h 40m; the auroras became weaker, and by lh 20" they were total-
ly extinct. Prior to their disappearance, some pulsating spots were apparent in
the sky for a short while. During this day, height measurements of aurora were
performed starting only from 20h 30™. The height of the arc, far in the north
(60 - 70° from the zenith), was measured. Meanwhile, weak but extensive

diffused surfaces and glows were observed at the zenith.

Figure 1, a shows the curves of the electrophotometric sections of the
glow intensity of the Murmansk-Loparskaya d1rectlon The solid curve defines.
the glow intensity section in the emission 4278 A (0.1) lNGN2 This is an
adequately wide band, well centered with respect to the filter's pass band.

The dashed line defines the transition to the non-linear region of the scale, /8
where it was difficult to determine its magnitude with sufficient accuracy. The
dotted curve defines the auroral intensity section in a filter centered at

5900 A with a half-width of about 100 A . There is a relatively strong Nal

line in this region, but its intensity should not chaﬁge notably as a

function of auroral activity, and hence, in the presence of aurora, the biggest
contribution to the glow in this filter is provided by N2 bands: (10.6) 1 PG
and(8.4) 1 PG. The total intensity of these bands with a glow force of 2 may
reach 2 kpel [11 - 13]. These bands are usually excited by electrons and are
related to low B-type auroras. Figure 1b shows the relative magnitude of

ionospheric absorption of cosmic radio-frequency radiation for four frequencies
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Figure 1. The development of aurora, magnetic and ionospheric disturbances on

March 2, 1965 at various times (numeration is Arabic numerals; graphs
¢ and d show the time by arrows).

a - Auroral brightness distribution along the meridian
in filters 4280 & (solid line), and 5900 A (dotted line);

b - Relationship between the riometric absorption and the
frequency;

¢ - Intensity of electrical currents in the ionosphere;

d - Observation time of various short-period variations; the
blackened rectangles refer to Pi2 + Pcl, the light

rectangles refer to Pil.



(9, 13, 25, and 40 Mc). The dotted line reflects the quadratic frequency
relationship. The slope angle of the experimental curve yields the actual index
of the extent of the frequency relatiomship. The frequency of the gyromagnetic

electron precession (fH = 1.5 Mc) was taken into account during the calculations.

Intensity variations of the equivalent electrical current in the ionosphere,
obtained from magnetic data, are shown in Figure lc. In compiling these data,
it was assumed that the current flows as a 200 km wide homogenous band, at

a height of 100 km.

Short-period variations of various types, observed in the geomagnetic

field, are shown on Figure 1d.

At 18h 10m, the aurora died out, even though remains of radial shapes were
still visible in the west. The absorption of cosmic radio interference at a
frequency of 9 Mc amounted to about 2 db. This moment is defined by a near-
quadratic relationship between the absorption and the frequency, and by weak
glow of the 4278 Z emission. This glow goes up somewhat ' at the horizons,
presumably due to the Van Rein effect. By 18h 26m, the nature of the glow and
the frequency relationship still remained practically unchanged, even though
at a frequency of 9 Mc the absorption went up to 4 db. Filamentary aurora
appeared at the zenith; no 1 PGN2 bands were observed. This period has a
moderate and positive magnetic disturbance with only minute quantitative
changes. AT 18h 38m, a radiant arc was formed in the south. At this time
in the magnetic field, a tramsition through zero began in the horizontal
component, and a burst of short-period variations was observed. Bands of
1 PGN2
riometric absorption decreased. The absorption itself was relatively small

appeared, and the power index (n) of the frequency relationship of

(about 1.5 db for 9 Mc). By 18h 48 m, the value of n,as compared to the
previous observations, had changed very little, even though extremely bright
glows, encompassing the entire sky, were noted. The absorption meanwhile

went uﬁ to 10 db. At ]8h 56m, in spite of the fact that the absorption and the
glow intensity were still high, n became equal to two. Simultaneously, the

1 PGN
6

2 glow decreased comnsiderably.




At 19h 24™ and 19h 38m, the discrete shapes disappeared and only a glow
remained in the northern sector of the firmament. While this glow was relatively
strong, it had a very weak 1 PGNZ, and the relationship between absorption and
frequency was purely quadratic. The 1 PGN2 glow, which was gradually dying
off, was observed only at the horizon. At this point, the electrical current
in the ionosphere reached a considerable magnitude of aboﬁt 1.4 x 105 A.

The absorption level also went up significantly: maximum 9 db at a 9 Mc fre-
quency. Simultaneously, the nature of short-range variations of the geomagnetic
field also changed. At 20h, the current intensity and the absorption decreased
(A= 2.7 db at a frequency of 9 Mc). Filémentary arc—shape& aurora were con-
centrated in the northern half of the sky.' No scanning photometer data
regarding this moment are available. There was some deviation from the quadratic

relationship between the absorption magnitude and the frequency.

The data, shown in Figure 1, lead to the conclusion that the exponent
of the frequency relationship n and the miecropulsation nature of the geomag- 19
netic field are closely related to the auroral shape and to thé relative glow
intensity of the first positive N2 system. For practical purposes, they are
independent of the absorption magnitude and of the overall auroral intensity.

h 1om) during the observation period, there

In two instances (at 18h 40™ and 19
were acute decreases of n; they lasted 10 - 15 minutes and were accompanied
by a strengthening of the 1 PGN2 emission. A more detailed analysis of the

obtained data is given below.

The Relationship Between Aurora and Electrical

Currents in the Ionosphere

We will now analyze the spatial relationship between auroras and electrical
currents in the ionosphere. The central graph in Figure 2 shows the cg position
of the current layer with reference to the zenith during the disturbance on
2 March. The cg position of the current system was determined from the slope
angle of the vector of the magnetic disturbance. The field of currents,
induced in the Earth, was not taken into account due to the low conductivity

of the upper Earth layers on the Kola peninsula [14].

ot
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It is impossible to determine
emission intensity the position of electrical currents
in the ionosphere from the data
of one magnetic station without

making additional assumptions as

: e to the configuration of the currents.
200 km V» ,
. Thus, the calculations were per-
QWAA/\K {AMW formed with the assumption that
z : ] : the currents flow at a height of
’””I’ \\[\/\ 100 km in the form of a 200 km
- .8 , , L wide band. The results, thus-
g ¥i obtained, lead to an approximate
a3 —s /
S 3t o—0 7 estimate of the position of the
o -
Qe . , | , | 3, currents and its variatioms.
7 18 9 20 21 2710
Figure 2. Relationship between aurora Figure 2 also shows the

and electrical currents in the ionosphere.

. s . . emission intensities of H and of
1. H, emission intensity; a

. s . . 1 PGN

emission intensity; 2

2.1 PGN2
3. Position of electrical currents; (N) and to the south (S), obtained

at a 30° angle to the north

with a C~-180-S spectral camera.
The diagram shows that the time dependence of Ha and 1 PGN2 emissions is not
always identical. This generally indicates that their excitation is independ-
ent. Moreover, it agrees with the gemerally accepted assumption, i.e., if
the presence of hydrogen emission in auroras-indicates the intrusion of pro-

tons into the ionosphere, then 1 PGN2 is usually caused by electron intrusion.

A comparison of the intensity pattern of Ha and 1 PGN2 at different
points of the firmament fosters specific conclusions regarding the instantaneous
position of the intrusion region of proton and electron fluxes, and makes it

possible to compare this position with the position of electrical currents in the

ionosphere.,

As indicated in Figure 2, as of 16h 30" and up to 17h, the Ha emission was

observed in the north and was not seen in the south. At the same time, the

8
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1 PGN2 intensity in both directions was small. Simultaneously, the electrical
currents in the ionosphere were approximately 70 km north of the zenith. After /10
l7h, the hydrogen emission in the north disappeared, and noticeably increased

in the southern half of the firmament. Almost simultaﬁeously, the cg of the
currents also shifted to the south of the zenith and remained there until—lQh,_

in spite of the fact that a rather intemnsive 1 PGN2 glow during that time was
observed in the north. The appearance of Ha at 19" in the north was also accom-

panied by a shift of the currents north of the zenith.

These findings indicate that at least during the specified day, the
electrical currents were spatially connected to the hydrogen emission glow
range, whereas in the 1 PGN2 glow range, there were no noticeable currents.
This is also supported by the findings reported in [15]. Such a conclusion
appears to contradict the generally-held viewpoint, i.e., that auroras and
geometric bays are essentially caused by the intrusion of electrons into the

lower atmosphere, rather than of protons [6].

It should be noted, however, that during the evening, Ha and 1 PGN2 emis-
sions, as'a rule, are observed in auroras of different shape: hydrogen emission
is usually found in wide and stable homogeneous and diffused arcs, whereas
1 PGN2 is associated with short-lived unstable radial shapes which, even though

they are bright, are also rather restricted in terms of area.

Thus, the intensity of electric currents is apparently not determined by
the stream (proton or electron) that causes the aurora, but by the intensity, of
the stream, its length and the area that it occupies in the sky. This conclusion
is confirmed by the fact that the intensity of magnetic disturbances reaches its

maximum after midnight, even though hydrogen emission at this time is no longer

observed. Apparently the essential fact is that auroras associated with electron
intrusion lose their radial structure and appear in the form of wide diffused

arcs and surfaces.

What then is the energy of the intruding protons? Inasmuch as auroras

with hydrogen emission are closely associated with electrical currents in the

Y




ionosphere which can hardly flow above a 120 km level [16, 17], it appears that
the initial energy of the intruding protons must be not less than 100 keV [6].
This is supported by the fact that between 17" and 20h on 2 March 1965, when
according to the data of ionospheric station a stable Es layer existed at a
height of 105 - 120 km, a broad diffused band, containing Ha was observed
south of it at the zenith. If we assume that such a sporadic ionization occurs
as a result of a proton stream intrusion it would follow that their energy

must be of the order of 100 keV [6]. This agrees with the findings reported
in [18].

Thus, the cited magnetic and ionospheric data, obtained from rocket
measurements [8], indicate that the initial energy of the intruding protrons
must be of the order of 100 keV, Lower energy obtained from the shape of the
hydrogen emission contour (2 - 5 keV) [9] can be explained, according to

[19 , 20], by their dispersion and by the direction of motion of the intruding

protons.

At the same time, it should be noted that the proton flux intensity
apparently is quite negligible. Actually, hydrogen arcs are usually accompan-
ied by small magnetic disturbances [15]. During the day under consideration,
the intensity of positive bays, associated with the hydrogen arc, did not
exceed 150 y. Further, ionospheric data also indicate that the maximum
ionization density in the Es layer and the magnitude of riometric absorption
were small, and did not exceed 30% of the corresponding values observed
during 1 PGN2 flares around 19h. If we were to neglect the variation of the
recombination coefficient with height, and assume that the ionization density
in the Es layer is proportional to the energy supplied by the ionizing flux
per unit time, then we can assume that the maximum density of the energy flux

carried by the proton stream between 17h and 18h was approximately smaller

than the density of the electron flux at 9h by the factor of three.

10
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Obviously, the intensity ratio of the proton and electron fluxes is

where n,, np are electron and proton concentrations in the stream, respectively;
Ve and vp, Ee and Ep are velocity and energy, respectively; e 1s the ratio

of the energy flux demnsity in proton and electron streams.

Setting, in accordance with the aforenamed estimates, ¢ = 1/3, E_ = 100

keV and setting conventionally that Ee is of the order of 6 keV, we find that

Ip _ 9.40-
72-2 1072,

This does not substantively contradict the data obtained from rocket soundings

[8l.

relative units According to the contemporary
theories dealing with the emergence of
polar magnetic disturbances, the

generation of an electrostatic

7w W 60 80N field and electric currents in the ion-

0. - i . ! osphere is caused by charge separation

in the corpuscular stream [21 - 23]
~200r ‘ ' which initially was neutral. The

400t direction of the current is determined
by the (south or north)

AH,y
displacement direction of protons with

Figure 3. Intensity distribution of the respect to electrons. The afore-

glows of Hy and 1 PGNy emissions along

the meridian during a negative bay on 8 named data indicate that the intrusion

February 1959. regions '‘of protons and electrons

.1. H, emission intensity; indeed can be scattered considerably.
2 1 PGN, emission intensity; Moreover, between 17h and 19h when

3. Position of electrical currents; the hydrogen emission is observed

south of the intrusion region of

11



electrons, &6H > 0, i.e., the electrical currents in the ionosphere flow east-
ward. This appears to support the aforenamed point of view. However, a more
detailed analysis indicates that positive and negative bays can be observed

in any position of the hydrogen emission glow with respect to the 1 PGN2 glow
region. Thus, Figure 3 (according to the data in [24]) shows a case that took
place at Zlh 40™ on 8 February 1959. At this point, the hydrogen emission,

as in the given day, was observed south of the electron intrusion region.

Yet, in the magnetic field, there was an intense negative bay, rather than a f12
positive bay. Thus, the reciprocal positions of the glow regions of proton and
electron aurora apparently do not determine the direction of the electric
currents in the ionosphere, nor do they have any bearing upon the sign of the

magnetic disturbance.

Auroral Shapes and the Height of the Auroral Ionization

Region

We will now consider the relationship between auroras and regions of
auroral ionization in terms of height. The presence of an intensive 1 NGN2+
emission in the spectrum suggests a high rate of ion formation in glow regions.
The relatively small height of auroral arcs and their pronounced lower edge
indicate a steep energy spectrum of ionizing corpuscular streams. Thus it is
reasonable to assume that the region of auroral altitudinal dionization

approximately coincides with the range of auroral glow.

Figure 4 shows the mean heights of polar auroras and the heights of the
ES layer. These data were obtained from the findings of a vertical sounding
station on 2 March 1965. The graph indicates that between 17h 45™ and 18h 5™
the heights of the aurora and of the Es layer differ considerably, and their
variations appear to be independent. This finding to some extent confirms the
assumption that the sporadic jionization, observed at this time, is associated
with hydrogen glows at the zenith and south of it, rather than with the bright
arc in the North. The height of this arc does not exceed 50° above the northern

horizon, and the arc itself is a result of the intrusion of an electron stream.

12



b, km At about 18h 45" » the hydrogen

120 ; emission intensity appreciably decreases.
" / The aurora in the north breaks up into a

foo)- number of radial and diffused forms,
}- becomes stronger and widens, at times

wf 1 . reaching the zenith. At that time
e T U 8P 45™ —19f 15™) | in spite of the

fact that the northern auroral boundary
Figure 4. The height of aurora (1)
and the height of the E_layer (2).
Vertical lines denote the mean square located as previously (about 40° from
error.

(height shown in Figure 4) is still

the zenith), the auroral height and the
height of the ES layer change almost in
step, and their difference does not exceed 10 km. Thus it can be assumed that
in this case the heights of the auroral glow regions and the auroral ionization,

which forms the ES layer, do indeed coincide.

A comparison of the riometric absorption with the data obtained by a
vertical sounding ionsopheric station leads to the assumption [25, 26] that in
some instances, a substantial portion of the auroral absorption of cosmic
radio emission takes place on the E layer level. The data that are available
to us lead to an estimate of the absorption magnitude of cosmic radio emission
Indeed, aurora were accompanied by the emergence of a sporadic E layer of
the r type. 1In view of this, it was possible to calculate the maximum electron

density in the layer E (N ). The shape of N is shown in Figures 5a and 6a.
s = max max

Using the obtained value of Nmax’ we can compute the absorption intensity /13
of cosmic radio emission on a given frequency, using the formula

suggested in [27]:

h~
0,A6N - Hho /[ dB
‘4—_1(‘_2.7—1,/_)2‘ ‘Vo(l——e )1 ]

where N is the mean density of ionization in the Es layer; H is the height of

the homogenous atmosphere; (h ~ ho) is the layer thickness; Vo is the collision

13



frequency of electrons at the
*t level of the lower boundary of the

absorbing layer.

Thus, it is assumed that
the stepped up ionization region
is shaped as a homogenous layer,
so that the ionization density

in it does not depend on the

height. Of course, the latter

u 1w’ el/cm assumption does not reflect the

' / h\ﬁpv actual altitudinal distribution
’ 4 ﬁ\f\*\J/V\WK\ of the ionization density. None-

theless, this apparently does not

==§

~N

90 2/ 2 . .
22 o introduce any substantive error

Figure 5. The ionization density in the E into the calculated absorption
layer (a) and the magnitude of rheometric

absorption (b), as recorded on 2 March 1965. value inasmuch as the frequency

1. Experimental curve; of electron impacts rapidly decre-
2. Calculated curve. ases with increasing height.

Thus, the absorption essentially
takes place in the lower”range of the ES layer wbere, judging from the
altitudinal brightness distribution of the glow [28], N = Nmax.

In the calculations, we set f = 32 Mc, Vo = 2 x 105 sec—l which
corresponds to the height of the lower aurora edge ho = 100 km [29]; the layer
thickness was set at 20 km. The calculated absorption magnitude is shown in
Figures 5b and 6b. The same diagrams show the actual variations of the rio-
metric absorption at a frequency of 32 Mc. It is demonstrated in Figure 6b
that the absorption patterns, computed on 6 March, coincide quite well in shape
and in absolute magnitude. Hence, the assumption that the Es layer is to some

extent responsible for the auroral absorptions appears to be by and large

justified.
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The graphs indicate that the experimental and theoretical coincidence
between the curves obtained on 2 March is considerably weaker than the coinci- /14
dence between the curves obtained on 6 March. According to the report of the
vertical sounding station, there was a blackout between 19h 00™ and 19h 40m, and
hence no data on the ionization density in the ES layer are available for this
time. It was only when the blackout was briefly interrupted (19h 10" — 19h
lSm) that it was possible to record Es reflections. In these instances, the
computed absorption was noticeably (by a factor of three) smaller than the
actual absorption. Such a drastic discrepancy between the calculated and the
computed data apparently is caused by the fact that the actual region of
increased ionization was below that which was used as a reference in the
calculations(hO = 90 km). This assumption is supported by the already observed
decrease of the frequency relation exponent of riometric absorption (cf.

Figure 1). For a more detailed examination of this problem, we show in

Figure 7 a curve (solid line) of the variation of the effective exponent of
frequency relationships during the examined disturbance. This exponent is
taken as a mean of three frequencies, i.e., 9, 13, and 25 Mc. The graph shows
that at about l9h, the magnitude of n reaches its minimum, thus indicating the

relatively low height of the absorbing region.

However, it must be kept in mind that the variation of the effective
exponent of the riometric absorption frequency relationship may be caused not
just by a height variation of the absorbing layer, but also by its extension
in a horizontal direction. Thus, n may decrease when the imcreased ionization
range does not completely cover the direc-
tional diagram of the riometer antenna [30].

Since radial aurorasusually occupy a smal-

ler area of the firmament than homogenous

arcs and diffuse surfaces, it is entirely

possible that the decrease of n, observed

) during the flares of bright auroras, is
Figure 6. Ionization density in the

E layer (a), and the riometric ab— associated with this very effect. Thus it

sorption (b), recorded on 6 March appears to be éxtremely important that the
1965. l-experimental curve; .
2-calculated curve. decrease of n during the given day was al-
ways accompanied by a decrease of auroraheight.
15



Actually, at 18h 50m, aurora were noted at a height of 90 km. At 19h 05" a

secondary decrease of the aurora height took place, the minimal height being

86 km (Figure 4).

Later, at 19h 15" the auroral height was no longer measured. There are,
however, additional data available on the penetration depth of corpuscular
streams into the Earth's atmosphere. Indeed, since 3p = lD [01] is a forbidden
transition, (the mean life time of it being only 110 seconds), it follows that
the emission intensity A = 6300 Z must substantially decrease with decreasing
aurora height, so that the relative intensity of that emission might serve
as an indicator of the aurora height [6]. In figure 7, the dotted /15
line shows that the path of 16300/15577' A comparison of the curves indicates
that the decrease of n takes place simultaneously with the decrease of this
ratio and consequently with a decrease of the aurora height. This leads to
the assumption that a decrease of n is essentially caused by a decrease of
the height of the absorbing layer, rather than by a variation of its config-

uration, even though the latter does possibly introduce a certain error into

the absolute magnitude of =n.

lgﬂ%@ﬂ@ These data indicate considerable vari-
5577
20 0f ations of the energy spectrum of electron

streams entering the ionosphere. This is
applicable from case to case, as well as

during individual disturbances. Thus, the

\ variation of aurora height from 110 to 86

km (19" 05™ — 19% 15™ on 2 March) indicates

AY
L ' " 20 uT a change in the primary electron energy by

at least one order of magnitude. Accord-
Figure 7. Relationship between

the exponent of the riometric
absorption frequency relation- brightness to the riometric absorption in-

ship n (1), and the ratio of the

emiss%on intensities 6300 and
5577 A (2). ratio depends on the aurora shape; and on

ing to [31 - 36], the ratio of the aurora

tensity must change substantially. This

the aurora type, observed during the rio-

metric absorption. The most detailled
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classification of aurora absorption was proposed by Z. A. Ansari [35]. He

grouped the absorption peaks, observed during auroral flares (both radial and

uniform), into group II(SAI). The smooth variations of 8A, which are observed

after midnight and correlate weakly with the variations of aurora brightness,

were grouped into the IV(SVIA) category. Based on the rate of correlation of

O0A and of 8I, Ansari suggested that absorptions of the SAI type are caused
by the intrusion of electron streams with energies of the order of E < 20 keV

into the atmosphere, whereas absorptions of the SVIA type are associated with

the electron streams in the energy range of E > 30 keV.

db Figure 8,a shows the absorption curve of
a cosmic radiation at a frequency of 9 Mc;
Figure 8b, shows the variation of the ratio
5t LA\\§§\\\\L IC/Af2 during the storm of 2 March 1965.
[ ' . Here, IC is the aurora glow intensity (in

relative units) according to the data of the

zenith photometer;

A is the absorption
intensity of cosmic radio interference at

frequencies of 9 mc (solid line) and 13 me
(dashed line).

For a more convenient

comparison of the data obtained from two

riometers, the respective absorption mag-
Figure 8. Rheometric absorption
(a) and its relationship to .

. . h te £
aurora intensity (b) on the appropriate frequency so that the
2 March 1965.

nitudes were multiplied by the square of

relative shape of both curves indicates the /16
The absorption intensity of
cosmic radio emission was
measured on the frequencies

of 9 (1) and 13 mc (2). Segments
with Roman numerals I and II . .

e a . are two pronounced maximums in the patterns
indicate the exposure time of

the spectra. of IC/AfZ: at 18h 48™ and at 19h 08™. These

exponent n of the frequency relationship.

It appears from the graphs that there

maximums coincide in time with the radial-

shaped flares. The growth curve of this ratio can be explained apparently by

the small absorption magnitude at this time, and by the fact that it was not

determined with precision. The absorption peaks, observed simultaneously with
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glow intensity peaks, could be associated with the SAI phase (or the F type,
according to the R. Parthsarathy and F. T. Berkey classification [37].) However,
a direct measurement of the auroral height (Figure 4) supports the fact that

the energy of the intruding electrons at the given moments of time amounts to 30-
40 keV, i.e., it is considerably higher than the energy level suggested by
Ansari. Moreover, it should be definitely kept in mind that this finding
applies only to two specific auroral flares on 2 March 1965. Thus it cannnot

be applied to all instances of SAI type absorption,nor can it be considered a
mean or characteristic value. In spite of the fact that the mean value of
exponent n of the absorbency frequency relation, according to the numerous
observations of Parthasarathy and Berky [37],is 1.5, the jonizing corpuscular
streams during the SAI phase contain a considerable number of high-energy

electrons.

Simultaneously, a relatively large absorption peak with a maximum at
19h 24™ was not accompanied by any noticeable increase of auroral brightness
(Figure 8), suggesting that it belongs to the SVIA type. Nonetheless, it is
at this very moment that the frequency relationship of the absorption is closest
to a quadratic relationship, i.e., the penetration depth and thus the energy

of the intruding electrons are minimal. However, the time of the appearance of

this absorption peak (at about 19h ur, i.e., 21h LMI) and its short life con-

tribute to some uncertainty in identifying it with SVIA type absorption.

The considerable penetration depth of corpuscular streams into the atom-
sphere during the flares of radial aurora is also confirmed by the properties
of auroral optical spectra. During the night hours of 2 - 3 March, two auroral /17
spectra were obtained with two SP-48 spectrographs, the total wavelength range
being from 4100 to 6800 Z . In both cases the spectrographs were aimed at
aurora in the northern half of the firmament. This first spectrum (exposure time
18h 40" - 19h 50m) was exposed essentially during the prevalence of bright
radial shapes (phase SAI). While the photographing of this spectrum also con~
tinued after 19h 08m, the auroral intensity at that time was relatively low, so

the aurora could not notably distort it.

18
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Wave Atom Multiplet Spectrum Spectrum

Lepgth or or I II
A molecule band

4278 N, 1 NG (0.1) 20.2 18.9
4368 oI 5 0.2 0.3
4417 OII 5 0.3 0.3
4709 Ny 1 NG (0.2) 7.1 7.1
4861 Hy 1 0.3 1.2
5200 [NI] Nebular 0.2 0.6

5577 [01] Auroral 100.0 100.0

5890}

5896 Nal 1 0.4 0.8

6300 [01] Nebular 7.7 18.9

6364 [01] Nebular 2.7 5.7

6482 NII 8 0.2 0.1

6545 N, 1 PG (7, &) 2.7 1.3

6563 H, 1 0.5 2.5

6624 N, 1 PG (6, 3) 4.3 2.2

6705 N, 1 PG (5, 2) 6.3 3.2

The entire second spectrum was taken during diffused and pulsed auroras. The
exposure time of these two spectra is shown in Figure 8 by segments marked I

and II.

Figures 9a, and 9b show the traces, whereas the table shows the relative
intensities of the basic emissions for both spectra. The spectra were joined
along the 5577 Z (01) line. The intensities were computed in areas, restricted
by the contours of the lines plotted in intensities. In comparing the spectra,
it should be kept in mind that the intensity of the green line A = 5577 Z, which
is set to be 100 in both spectra, is smaller in the second spectrum, almost by
a factor of 3.5, as compared to the first one.
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It appears from the traces and from the table that the active radiant
auroras have considerably strengthened the molecular bands — this applies to

the first positive system of the N2 molecule, and to the O; band. Moreover,

in the second spectrum, the ratios 16300/15577 and I6364/15577 were larger than

in the first spectrum by the factor of 2.5. The intensity of hydrogen emission
greatly increased. From a currently accepted viewpoint, these data indicate

that the first spectrum was exposed during lower auroras than the second

spectrum. The increased height of the glow may also account for the growth of

the intensity of the forbidden line A = 5200 Z in the second spectrum, as com- /18
pared to the allowed emissions. The presence of such emissions as 6482 Z NII

in the first spectrum, which is associated with low aurora, is due to the great

height of radial shapes.
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Figure 9. Traces of auroral spectra.

a ——Exposure time 18h 40™ - 19" 50 H
h

b - Exposure time 19 50T - 22" 15%,
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The Microstructure of Magnetic Disturbances

The differing microstructure of geomagnetic disturbances observed at this

time also supports the contention of the differing nature of corpuscular streams,

associated with different forms of aurora and riometric absorption of varying

types. During the nights of the observations, two typical and most character-

istics pulsations were observed: the first is a combination of irregular

oscillations with a period of 40 - 50 sec and near-sinusoidal oscillations with

a period of about 2 seconds (such a combination can be defined by the new

classification of short-period variations as PiZ - Pcl); the second type includes

irregular oscillations with a 5 to 12 seconds period and is denoted by the

symbol Pil'

I, relative units

4or

Jo

i v\’/:\/—

20 o 22 23 0 1 2UT

20

‘0

Figure 10. Intensity variations of
the polar aurora (solid line) and types
of short period variations.

Shaded rectangles represent type PiZ +
Pcl; the light rectangles are type Pil'

The time of the appearance of
short-period variations of the in-
dicated types during the 2 March
1965 disturbance is shown in Figure
1. It appears that pulsations of
the first type (i.e., Piz + Pcl)

-were observed as a series of sep-

arate flares lasting 2 to 5 minutes.
The appearance of short-period
variations approximately coincides
with the moments 3 - 7 when the
intensity of the 1 PGN, emission

2
increased, bright radial auroral

shapes appeared, the riometric absorption went up drastically, and the fre-

quency relationship of this absorption deviated from the quadratic relation-

ship. An exception was the flare between 18" 557 and 18" 59™ which did

coincide with moment 5, when all of these phenomena were very weakly expressed.

It is true that the flare was also of very low intensity. Beginning approxi-

mately at l9h 24m, recordings of the Earth current fields clearly show

pulsations of the second type Pil; the amplitude of these pulsations changes

parallel to the intensity variation of the equivalent electrical current in the
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ionosphere. At the same time (moments 8 - 10 in Figure 1), the polar
auroral glow intensity diminished and the aurora took on the shape of diffused

surfaces, whereas the frequency relationship of the absorption became exactly

quadratic.

Figure 10 shows the variations of auroral glow intensity and the time of
the appearance of short period variations of the first and of the second type
during the night of 6 — 7 March 1965. The graph shows that, as in the preced-
ing night, bursts of short period variations of the type PiZ + Pcl were
observed simultaneously with flares of radial glows (20h 10" ——-21h 30™). /19
Simultaneously, a small negative bay with very pronounced field variations
was recorded in the magnetic field. This suggests that the riometric absorptionm,
accompanying these aurora, belongs to the SAI type. However, the penetration
depths of the corpuscular streams at that time was apparently insignificant,
since the region of increased ionization, responsible for the absorption of the

radio waves, as indicated before,was observed at a height of about 100 km.

After a series of micropulsations, the electromagnetic field of the Earth
remained quiet approximately until 0h 30" on 7 March. At that time, the
recordings of Earth currents showed short period variations of the Pil type.

A relatively smooth increase of auroral glow was observed simultaneously.

These auroras were shaped as diffused pulsating spots. The absorption inten-
sity of cosmic radio interference also increased; it was accompanied by a
moderate-sized negative geomagnetic bay. All these phenomena gradually ceased

at about lh 30m.

Thus, from the aforenamed data it appears that various types of aurora
are accompanied by various kinds of short period variations of the electro-
magnetic field: radial aurora are accompanied by micropulsations of the PiZ +
Pcl type, whereas homogenous and diffused aurora are accompanied by micro-
pulsations of the Pil type. This apparently suggests the existence of differ-
ent mechanisms of acceleration or discharge of electrons, responsible for thess

auroras, into the ionosphere.
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Conclusions

Upon analyzing the patterns of a polar magneto-ionospheric storm and of the
polar aurora observed at the same time, the following conclusions can be de-

rived:

1. The position of the cg of a current system in space is related to the
stable (long-lasting)polar aurora shapes, .occupying large areas in the sky,
i.e., mostly with hydrogen arcs in the evening, and homogenous arcs and diffused

surfaces at night.

2, 1In regions of auroral glows with hydrogen emission, the protons
penetrate the atmosphere up to the ES layer, i.e., their initial energy is of
the order of 100 keV. The intensity of the proton stream is approximately
two orders of magnitude smaller than the intensity of the electron flux that

generates bright radial shapes.

3. The direction of electrical currents in the ionosphere, which cause
geomagnetic bays, is not determined by spatial separation of the regions of

hydrogen and electron auroral glow .

4. Anomalous ionization, responsible for the absorption of radio waves
in the ionosphere during polar aurora, is caused by the same particles as polar
auroras. At aurora heights of 100 km and more, the glow region, in some

instances, apparently coincides with a region of increased ionization.

5. The energy of electrons penetrating the lower ionosphere may change
within wide limits from one instance to another, as well as in the case of
a seperate disturbance. The electron energy causing radial shaped auroras
may be considerable as,for example,at 19h 81-n on 2 March 1965 when auroras were
observed at a height of 85 km. Only electrons with an energy E = 30 - 40 keV

can penetrate to that level.
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6. Auroras of various shapes (both radial and diffused) are caused by
the intrusion of corpuscular streams into the lower ionosphere. These streams
differ from each other not only in terms of energy, but also apparently in terms
of structure, inasmuch. as they are accompanied by the occurrence of various
types of short-period variations of the electromagnetic field of the Earth.
This, in turn, suggests that there are different mechanisms for the formation

of electron streams that cause differently shaped auroras.

It should be again emphasized that these conclusions are derived from the
analysis of isolated cases only, and cannot be considered statistically re-
liable without additional investigation. However, the demonstrated laws are
apparently inherent to these types of phenomena, inasmuch as there are no 129

reasons to believe that these cases are to any extent exceptiomal.

In conclusion, the authors express their appreciation to the Chief of
the NIRFI*Laboratory, Ye. A.Benediktov and to the Director of the Institute
for making available the data on the absorption of cosmic radio emissions at
frequencies of 9, 13, 25, and 40 mc. We would also like to thank A. B. Korotin
for the useful and stimulating discussions in the course of the preparation of
this study, to laboratory assistants P. Ye. Borisov, G. Sh. Zakirova, I. V.

Okunev and T. P. Roldugina for help in parallactic observations and data

evaluation.

*Translator's note: Scientific Research Institute of Radiophysics
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THE POLAR AURORAL BAND DURING MAGNETIC DISTURBANCES

G. V. Starkov and Ya. I. Fel'dshteyn

ABSTRACT. According to the askafilms of the C-180
cameras the position of aurorabands has been determined for
four time intervals centered at 20, 04, 08, and 16 hours
of local geomagnetic time depending on the level of
magnetic activity. The indices Q, Qp and Kp were used to
characterize magnetic disturbance. The authors obtained
the values of changes of the aurora bandwidth at these
time intervals with the magnetic activity variations. The
paper presents the scheme of the aurora band at different
Q-indices and shows that an evening ~— morning asymmetry
is observed which is expressed in the different width of
the corresponding parts of the land and in the different
distances of the latter from the pole. This asymmetry is
maintained at any level of magnetic activity. A flattening
of the aurora band is observed on the day side, which is
most prominent during high magnetic disturbances. The
paper also indicates that the aurora band during low
magnetic activity can have breaks on the morning and
evening sides. The probability of such breaks is re-
duced with the increase of magnetic disturbance. With
Q > 3 a wmiform aurora band can be expected. The presence
of the breaks is supported by the synoptic map of aurora.

The position of the auroral oval zone which defines their instantaneous

distribution was derived in [1-5] on the basis of statistical data evaluation

regarding the polar aurora, without taking into account the variations of the

magnetic activity level. 1In [6,7], the oval zone position was considered in a

quiet (Kp = 0.1) and disturbed magnetic field (Kp > 5). Reports [8-10] contain

extensive information regarding the position of the equatorial boundary of

latitude regions, containing aurora, as a function of the magnitude of the

planetary activity index K_. The latitude region (auroral band) containing

aurora during day (10-14) and night hours, with respect to Q, QP and Kp’ was

detailed in [11]. This report considers the locations of the northern and

southern boundaries of auroral regions in fifteen minute, hourly and three-

hour intervals.

made it possible to investigate the spatial asymmetry of intruding corpuscular

streams in the plane of the noon and midnight meridians.
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Auroral distribution was determined for four time intervals centered at
20, 4, 8, and 16h local geomagnetic time (LGT). This made it possible to
determine the position of the auroral band for all hours of the day, and to
investigate its asymmetry in morning and evening hours. The presence of such
asymmetry follows from theoretical consideration [12,13] — namely, the differ-
ences betewen the directions of the interplanetary magnetic field, and the
motion of thé solar wind. The northern and southern boundaries of aurora
bands were determined from askafilms of the following stations: Murmansk
(3" = 65.1°), Dixon ( ¢' = 68.0°), Cape Chelyuskin (¢ ' = 71.2°), Vize Island
(¢ ' = 73.5°), and Piramida (&' = 75.3°). As a rule, the data for two seasons
of high solar activity (1957 - 1959) were evaluated. The position of the bound-
aries was compared with the Q-index of the magnetic observatory, located at
latitudes of the Fritz Zone at the midnight side of the Earth. All Q-indexes,
following the practice suggested in [11], were reduced to the Kieruna observatory
(®' = 64.5°). For pre-midnight and after-midnight hours, the number of readings
of n boundaries of auroral bands for each Q value varies between 20 and 350,
when 2 < Q < 5n > 100. For pre-noon and afternoon hours, n is contained within
the range of 10 - 70, for mean values of Q in those hours, n o 50. Auroral
heights for pre— and after-midnight hours were set to be 120 km, whereas for

pre- and afternoon hours, the estimated height was 140 km.

The stations whose askafilms were used for the determination of the position
of auroral boundaries at the respective moments of LGT are shown in the follow-
ing table. The Q-indexes of magnetic observatories were used for comparison
with auroral positiomns. The intervals of world time at the selected observ-—

atories correspond to the investigated interval of LGT. /23

The mean square deviation of ¢ within the boundaries amounted to 1.0 - 1.5°
latitude, whereas the mean square error of the mean arithmetic time was less
than 0.1°, decreasing with increasing number of readings. At the same time
when n > 20, ¢ practically did not change. Inasmuch as the mean accuracy of
the reading is approximately 0.3° latitude, the constancy of ¢ indicates that
the magnetic activity level does not uniquely determine the position of the

auroral band, since an increasing number of observations would lead to a
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TABLE
Band Station Maénetic- LGT UT
Boundary Observatory
Northern Piramida Reykjavik 22 - 2
Cape Chelyuskin| Kiruna 2 -6 19 - 23
Southern Murmansk Reykjavik 22 - 2
Dixon Island Kiruna 20 - 24
CapeChelyuskin| Kiyuna 19 ~ 23
Northern Vize Island Reykjavik 0-4
CapeChelyuskin| Reykjavik 6 - 10 23 - 3
Southern Vize Island Reykjavik 0-4
Cape Chelyuskin| Reykjavik 23 - 3
Northern Piramida Welland 10 -~ 14
Vize Island Yellowknife 8 -~ 12
Cape Chelyuskin| Yellowknife 14 - 18 7 - 11
Scuthern Piramida Welland 10 - 14
Vize Island Yellowknife 8§ - 12
Cape Chelyuskin| Yellowknife 7-11
Northern Piramida Tiksi Bay 14 - 18
Cape Chelyuskin| Welland 11 - 15
18 - 22
"Southern Cape Chelyuskin] Welland 11 - 15
Dixon Island Welland 12 - 16
Murmansk Tiksi Bay’ 14 - 18

decrease of o up to the accuracy level of the reading.

meters of the corpuscular stream which excites the glow

Apparently, the para -

change in time.

out an appropriate change in the excitation level of the magnetic field, this
at times results in variations of the positions of the auroral bands amount-
ing to approximately 1 - 2°. Moreover, the error in the determination of the

indexes, caused by the difficulties involved in the selection of a quiet field

level, also becomes pronounced.

It is conceivable that the comparison of the position of the auroral bands

with the magnetic activity in the same area will result in a somewhat better
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agreement. However, such a comparison excludes the possibility of plotting a
planetary distribution of aurora at varying magnetic activity levels. This

is caused by the presence of variations of magnetic disturbances in the

northern hemisphere in the winter during the IGY [14] with respect to latitude

and time. According to [15, 11], the correlation coefficients (r) of the
Q-indexes of the northern hemisphere stations vary within rather large limits.

For example, at the two magnatic observatoriés (Murchison - Yellowknife, r varies
from 0.5 to 0.75; i.e., in spite of the reasonably close relationship, we can- [24
not construe this as a unique variation of disturbance intensity at different
latitudes during the same hours of world time. Figures 1 and 2 show the
variations of the corrected geomagnetic latitude of auroral band boundaries

in pre-midnight (18 - 22h LGT) and after midnight (2 - 6h LGT) hours as a
function of Q,Qp,and Kp. The data on the auroral band, using planetary

indexes Q and Kp’ were obtained by averaging ten to twenty boundary values

and hence have a large o.

¢'IQN ¢,'.N q”,QN
Y/ - }
O ‘/ ~
72} L L
7] L R
54 - - A
Z v 64 LA

Figure 1. Position of southern and northern auroral
band boundaries in pre~midnight hours (20h), as a function of
Q, QP and Kp.

The broken line indicates the central line of the auroral
band; the circles indicate the computed values of &'

A comparison with Qp was performed for the 1957 - 1958 season only. The

graphs indicate that the southern boundaries of the band shift southward with
an increasing Q-index. As opposed to the variation of the position of the
southern boundary at midnight hours [11], there appears to be no strong increase
in the shift at large Q. On the contrary, fhe shift velocity decreases with

increasing magnetic activity.
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Figure 2. Position of southern and northern auroral band
boundaries after midnight hours (4h) depending on Q, Qp
and Kp'

The broken line indicates the central line of the auroral band;
the circles indicate the computed values of o'.

Figure 3 shows the variation of the shift magnitude of the southern boundary
with relation to the Q-index for 20.0 and 4h. It follows from the graph that
during midnight hours the southern boundary rapidly shifts toward the equator
in the beginning, whereby the rate of this shift decreases with an increasing
Q: when Q = 3 - 4, it has a clearly pronounced minimum, and then it again

rapidly increases when Q > 6. A rapid shift of the southern boundary of the

auroral band toward the equator during intense magnetic disturbances has

also been noted in [8].

The nature of the shift in pre-midnight and after-midnight hours is
totally different. The boundary shift rate toward the equator decreases mono-
tonically with an increase of Q; during after-midnight hours, this rate de- /25
creases faster. When Q=6 -7, it amounts to .only 0.4°. At pre-midnight
hours, the velocity changes relatively little and ambunts, on the average,
to 1 - 0.8°, when Q is increased by one unit; i.e., the relationship ¢' = £(Q)
is close to linear. The equatorial boundary during after-midnight hours is
systematically located more to the south than in pre-midnight hours. With the
exception of periods of weak magnetic disturbance (Q = 0; 1), this difference
amounts to about 2° latitude. The position of the equatorial boundary of the

auroral band in pre-midnight and after-midnight hours always remains closer
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to the pole than the southern edge of the band at night hours, even though for
both night and after-midnight hours, the difference, at certain Q-values, is

very insignificant.
49N
i

2k

For practical purposes, the position of
the northern boundary at 20h and 4h does not
RN 2 change with varying magnetic activity levels

) \:ssszgﬁi:::i (see Figures 1 and 2). Just as in midnight

\\\‘J ! hours during pre-midnight hours there is a

1 I L L

1 J.
01 293 4 5§ é 7 om

decrease of ¢' when Q = 1 - 2. This decrease

Figure 3. Shift variation however, is very insignificant (approximately

of the southern aurora band

<] .
boundary at different Q values. 0.5°), even thouﬁh the same tendency is
1 - shift rate for ZOh; manifested at 20" also in the comparison
2 - shift rate for oh (from of the northern boundary with Qp' The shift
data in [11]); . ' s .
3 - shift rate for 4h LGT. amplitude of &' with a Q varying between 0

and 7 at 20 and 4h does not exceed 1°; the
band boundary is between 73 and 74° northern
latitude. During after-midnight hours, the boundary is located usually somewhat
closer to the pole. The constancy of the position of the circumpolar edge
of the band is rather remarkable, because at midnight hours, when Q varies from
0 to 8, the position of the northern boundary of aurora changes rather strongly.
The shift can take place southward with small magnetic disturbances, as well as
northward when Q > 3. The distance between the northern boundary and the pole
of an eccentric dipole at midnight hours when Q < 6 is greater than at 20h
and at 4h. In view of the relative constancy of the northern boundary position,
the central line of the band (dashed line) shifts southward at 20h and at 4h, is
analogous to the shift of the equatorial boundary. This essentially differs

from the stable position of the central line of the band at &' = 67.5 during
night hours.

The nature of the variation of the position of auroral boundaries with
reference to Qp and Kp is the same as for the Q-index. The differences in the

position of boundaries with reference to Q and Qp do not exceed 1° on the
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average. For corresponding wvalues, KPQ' of the southern boundary are smaller
than for Q and Qp, whereas for the northern boundary they are larger. This leads
to a greater bandwidth taken up by aurora which is presumably related to

another time and amplitude scale of Kp' Notably, the scale of the K index of the
Fritz zone stations is more approximate than the scale of the Q index. The
central line of the band shifts southward with increasing magnetic activity,

regardless of the indexes used, during pre-midnight as well as after-midnight

hours.

In individual instances, there was an absence of aurora with a clear
sky (stars showing on the photographs) during 15™ intervals; the mean position
of the aurora band corresponds to the zenith of the observation station. For

20 and for 4h, such- stations are Cape Chelyuskin and, to some extent,the

Piramida Station.

The absence of aurora cannot be explained by a drift of the band from
the field of view of the camera. The probability of the disappearance of aurora
increases with decreasing Q. Such instances were not included in the averaging;
the median calculation of the data, for practical purposes, does not affect the

positions of the boundaries at 20h and 4h.

Figures 4 and 5 show the southern and northern boundaries at pre-noon
(8h) and afternoon (16h) hours. The askafilms of Cape Chelyuskin and Vize /26
Island stations were processed only for the 1957 - 1958 season. In the
determination of the equatorial boundary during strong magnetic disturbances,
-the southern edge of the band at 8 and 16 h frequently moves beyond the horizon.
For this reason, the same number of the largest &' values was eliminated; the
remaining values were averaged. With large Q, the number of instances of
the equatorial boundary shift beyond the horizon exceeded one-half of all read-
ings. It was established that the ratio of such shifts to the total number
of measurementé increases linearly with an increase of Q. Thus,1it was possible
to compute the position of the equatorial boundary even in those instances
when the number of shifts of the boundary beyond the horizon exceeded one-

half of the total number of readings. In view of the small quantity of data
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Figure 4. Position of southern and northern aurora
band boundaries in pre-noon hours (8h) as a function of
Q, QP and KP.

The dashed line is the central line of the auroral band;
the circles indicate the computed values of o',

and aurora shift beyond the :southern. horizon, it is not feasible to determine

' for large KP (Figure 4) and Qp (Figure 5).
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Figure 5. Position of southern and northern aurora
band boundaries in afternoon hours (16") as a function of
Q, Qp and Kp.

The dashed line indicates the auroras band middle; the
circles indicate the computed values of o',

In pre-noon hours (Figure 4), the southern boundary withdraws monotonically

from the pole; the velocity of this shift increases somewhat with large Q.

northern boundary, when O < Q < 3.5 (fractional values of Q are obtained in

view of the reduction of the indexes of all observatories to the Kiruna

Observatory Q index), somewhat approaches the pole and shifts southward only
when Q is large.

The same tendency is manifested for Qp and Kp. When Q = 0O

The
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the bandwidth amounts to 1.2° only. This happens to be the smallest of all
obtained bandwidth wvalues. The band center withdraws from the pole, and the
withdrawal rate goes up with the increase of the magnetic activity index.

During afternoon hours (Figure 5), a decrease of ¢' is observed for the northern
as well as for the southern boundaries with a negligible expansion of the band

with increasing magnetic disturbance. The nature of the variation in the band /27
position and bandwidth during these hours is very similar to the corresponding
variation at noon [l1l]. The aforementioned laws are also valid for Qp. The
position of the northern boundary with respect to KP, as opposed to Q and Qp’
changes nonlinearly. Conceivably, this is related to the inaccuracies in the

determination of the boundaries due to insufficient data.

4%, Figure 6 shows the variation of the rate of

2 ' .
shift of the southern boundary for day areas of the

J aurora band with relation to the magnetic distur-
bance. Curve 1 defines the velocity variation of the

01 7 3§ & 5 6 740 shift in pre-noon hours, Curve 2 applies to day

. P i ft n
Figure 6. Variation of hours, and Curve 3 applies to afternoon hours,

the rate of shift of the Curve 2 was computed from data cited in [11].
southern aurora band

boundary at different Q. .
l, 2 and 3 are tge shift rate of shift with increasing magnetic disturbance,

velocities for 8%, 12h, . . ° . _
and l6ﬁ, respectively. which is close to 2° latitude when Q = 6 7, takes

Figure 6 indicates that a smooth increase of the

place only during pre-noonhours. For 12 and 16h,

the rate of shift of the equatorial boundary toward
the south, for practical purposes, does not change;
however, during afternoon hours it is always higher

than at noon.

Figure 7 shows the variation curves of auroral bandwidth with relation
to the magnetic activity indexes for all four time intervals. At 20 and 4h, the
auroral bandwidth (L°) increases rapidly with increasing activity index, yet
the process is slower than on the night side of the earth. During after-mid-

night hours, the curves for Q and Qp practically coincide. The bandwidth
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with relation to Kp is systematically greater. In pre-midnight hours, the

auroral bandwidth varies from 2 - 3° when Q = 0, to approximately 8° when Q = 7.
In after-midnight hours, the variation interval amounts to 4 — 10°. During before-
noon and afternoon hours, the bandwidth is considerably smaller and does not
exceed 5° even with Q = 7. The range of variations is somewhat greater in

pre-noon hours. At 16h, the auroral bandwidth increases only by 2°.

On the basis of the obtained findings and using the data cited in [11], on
the position and dimensions of the band in near-midnight and near-midday hours,
we can plot the instantaneous distribution of aurora with relation to the mag-
netic activity level. Figure 8 shows diagramatically the position of the band in
reduced geomagnetic coordinates at various levels of magnetic disturbance in
the area of the Fritz zone on the nightside of the Earth. When Q = 0, the
band is narrowest at pre-noon hours. The equatorial boundary is at the greatest
distance from the pole at midnight hours, and somewhat more toward the mnorth in
after-midnight hours. During pre- and after-midnight hours, the auroral band
covers a larger interval of latitudes than at any other time. The bandwidth
at 4h exceeds the corresponding value at midnight almost by the factor of three.
The southern boundary during pre-noon hours is closer to the equator than during

afternoon hours.

When Q = 1, these characteristics are still retained, however, due to the
rapid expansion of the band during midnight hours; the asymmetry of the night-
side of the Earth begins to smoothen out somewhat. A southward shift of the
entire aurora band was noted during night hours. The band rapidly moves to
the equator also during afternoon hours, yet it still remains considerably

closer to the pole than during pre-noon hours.

When Q = 2 and 3, the nature of the expansion of the aurora band is retained.
On the nightside of the Earth, the northern boundary begins to shift slowly
toward the pole, and asymmetry on the night side of the Earth continues to
decrease. Large velocities of the southward shift of the equatorial boundary /29
in pre-and afternoon hours cause the appearance of a flattening of the dayside

of the Earth. When Q = 4, the bandwidth in after-midnight hours is still
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Figure 7. Auroral band variation as a function of the
magnetic activity level for four time intervals with
relation to Q (1), QP (2); and Kp 3.

Figure 8. Auroral bands at different Q (in geomagnetic
coordinates).
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somewhat greater than in midnight hours, and reaches approximately 1,000 km. At
16h the band is still closer to the pole than at 8h. The least bandwidth was
recorded at noon. The circumpolar boundary is close to a circle whose center is
somewhat displaced toward the night side of the Earth. The equatorial boundary
of nearly 1/3 of the band is located at ¢v 65°.

With a further increase of magnetic activity, the asymmetry on the night
side of the Earth continues to decrease. When Q > 6, the maximum bandwidth was

observed at midnight; when Q = 7, it reaches approximately 1,400 km.

o} . 1.0
evening’ morning
1 - '
L2F ¢ evening ¢ morning
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Figure 9. Ratio of the auroral Figure 10. The difference of
bandwidth in evening (1) and in latitudes of the' middle of
morning hours (2). aurora bands for the evening (1)

and mornin 2) hemispheres.
g Lo(1S—22)h 5 L°(14—18)R g (2) p

e L°(6—10)0 1—[@ (2 — 6 — @ (18 — 22)1;
: 2 — [ (6 — 1000 — @ (14 — 18)B]

The interval of latitudes occupied by aurora in after-midnight hours is
greater than the interval covered by auroras in pre-midnight hours. The more
rapid southward shift of the equatorial boundaries at 16 and at Bh, as compared

to noon hours, distorts the day segment of the aurora band, and causes its
flattening.

At low magnetic activity levels, the basic asymmetry of the band is
apparent 1in the larger width in pre- and after-midnight hours, as compared to

the midnight hours. This asymmetry disappears gradually with an increasing
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Q-index. There appears, however, a flattening on the dayside of the Earth,
which increases with increasing magnetic activity. Another interesting
feature of aurora bands is the continuous gain of the latitude interval
covered by aurora in the morning hours, as compared with the evening hours.
The southern boundary of the band is closer to the pole in the evening hours

than it is in the morning hours.

To obtain some quantitative characteristics of the band asymmetry,
Figure 9 shows the bandwidth ratio variation in evening and morning hours.
The solid line indicates the width ratio L° of the pre-midnight sector to the
after-midnight sector; the dashed line shows the ratio of the afternoon té the
pre-noon sector. The graph also indicates that only.when Q = 0 is the width of
L°® at 16h on the dayside of the Earth greater than at 18h. It is of interest
that when Q > 2, this ratio for day and night hemispheres is practically equal;
i.e., the asymmetry between the morning and evening sides of the Earth is
retained. When Q varies from 2 to 7, the width ratio increases from 0.6 to
0.75;5 1.e., wi;h increasing magnetic activity, the asymmetry decreases some- /30
what, yet remains reasonably high. However, when Q > 6, an insignificant gain

in asymmetry is observed in the day hemisphere.

Figure 10 shows the difference in latitudes of the band centerlines for
the evening and morning hemispheres. The solid line shows the difference
between the reduced geomagnetic latitudes of the pre-midnight and after-
midnight sides of the Earth; the dotted line shows the difference between
the latitudes of auroral band centerlines in afternoon and pre-noon hours.

As we pointed out before, the southern auroral band boundary is further dis-
placed to the equator in morning hours than it is in evening hours. On the
basis of the data in Figure 10, it stands to reason that not only the southern
boundary, but also the band itself on the morning side, is shifted further from
the pole. This shift, as opposed to the curves shown on Figure 9, is not ident-
ical for the night and day hemispheres. When Q = 0, the band middles on the night
side of the Earth are practically at the same distance from the pole. On the

day side of the earth, we have at the same time a maximum asymmetry, reaching

almost 3° in latitude. With increasing magnetic activity, the asymmetry
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decreases on the day side of the Earth, going up at the same time on the night
side of the Earth. Both curves reach their extremumat Q = 5. With larger
disturbances, the asymmetry changes in the opposite direction. When Q = 5,
maximum asymmetry on the night side and minimum asymmetry on the day side are
attained. When Q = 3 - 4 and Q = 6, the shift of the part of the band in
morning hours with respect to the shift of the band in evening hours is approx-
imately the same for the day and the night sides of the Earth. These data appear
to indicate that zonal asymmetry takes place at any level of magnetic activity;
however, its nature, following the variations of Q, changes in a rather complex

manner. With large magnetic disturbances, this asymmetry is somewhat smaller

than with weak disturbances.

Let us consider in more detail the absence of aurora during the 15-minute
intervals in the morning and in the evening. These particular instances can-
not be interpreted as a shift of the aurora band beyond the field of view on
the camera. There is a'systematic shift of the aurora band with varying
magnetic activity for noon and midnight hours. Thus, with small Q-indexes,
during midnight hours, aurora were seldom recorded in Murmansk, but were
regularly observed at Cape Chelyuskin; i.e., the aurora band was always

regularly observed by stations whose ¢' corresponded to the mean latitude of
the aurora band.

In isolated instances, the appearance and disappearance of aurora in
evening and morning hours takes place very differently. In those instances,
the aurora band is in the zenith of high~latitude stations, e.g., Cape Chelyuskin,
Vize Island, and Piramida. The absence of a shift with varying magnetic activ-
ity level is typical for the northern boundary of the band during pre~ and after-
midnight hours. Hence the disappearance of aurora during these hours cannot
be explained by a band shift from mid-position to the south or to the north.
The fact is, it does not shift to the soﬁth; this is easily established from
the data of 1ow—1atitude.stations, e.g., Dixon Island. The absence of aurora
on Vize station, on the assumption of a northward shift of the band, is
possible only with an intermittent shift of the southern boundary up‘to approx-—

imately 78°, and of the northern boundary up to 80°. In view of the relative
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constancy of the northern boundary position at that time, this is hardly
possible. If auroras do reappear after their disappearance, they appear
directly at the zenith, rather than shifting from the horizon, which would

have been the case in the event of a band drift beyond the horizon.

In order to perform a more detailed and efficient analysis, we used the
askafilms of Vize Island, Cape Chelyuskin, and Piramida stations,which are
located at geomagnetic latitudes where the aurora band during these hours is
near the zenith. Figure 11 shows the probability of the aurora appearance
with relation to LGT; this probability was determined as a ratio of the number /31
of 15 minute intervals with aurora within each hour, to the total number of
observations. The probability of aurora appearance was computed in an integrated

form for all stations. The smoothing was performed according to the trapezoidal

rule.

In the evening hours, when Q = 0, it was impossible to determine P due to
lack of a sufficient amount of data. The probability of the appearance of
aurora strongly increases with increasing Q, and when Q > 3 aurora practically
always appear at these latitudes. For 1 < Q < 3, the minimal values of P
depend linearly on Q. Hence, approximating this linear relationship, it is
possible to determine the minimum value of P when Q = 0, which was 65%. When
Q = 1, we found that Pmin is 77%, and corresponds to 18 - l9h. With increasing
Q, the moment of minimum values of the probability of appearance of bands
shifts somewhat in the direction of later hours, but it was impossible to

determine a clearly defined pattern for this phenomenon,

In the morning hemisphere, the probability of the appearance of aurora
at small Q is considerably less. It goes down to 30% when Q = 0°; however, P
grows just as fast with increasing magnetic activity. When Q = 0, the minimum
value of P is recorded between 8 and 9 h. -With increasing Q, the probability

of occurrence minimum is clearly shifted to earlier hours. When Q > 4, no

breaks of aurora bands were observed.
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R7 It may be concluded that the aurora band

100 q=3 at a low level of magnetic activity is not
z- g=2 always a continuous whole phenomenon. We
7k a= can conceivably assert that the band always,
] [ (S VU TR Y S T W i i
S B 17818 0 2 22 23 LT exists at day and nightside , shifting in
k% latitude with varying magnetic activity.

100
Nonetheless, in the morning, pre-noon and

80 evening sides of the Earth there can be

o breaks, even though when Q = 0, the existence

of aurora in the form of a single band is

wl possible, The minimal probability of its

appearance is approximately 30%. When Q = 0O

ool e e
yes 67489 ngI the aurora band on the night side of the
Figure 11. The probability of Earth continues from 18 to 7h. Moreover,

aurora appearance at Piramida,
Vize Island and Cape Chelyuskin
stations at evening and morning hours. The most probable break occurs

h?urs during small magnetic between 8 and 9h’ and at 18h LGT.
disturbances.

aurora are observed during near-midnight

Notably, aurora occurring at night and day hours are essentially different.
For the night hemisphere, we can establish a certain diurnal pattern. During
the evening hours and toward midnight, uniform arcs are replaced by radial
shapes; toward the morning, we see spots and pulsating surfaces. This pattern
may be somewhat modified, depending on the appearance of polar magnetic dis-
turbances of varying intensity; however, its basic characteristics are retained
[16, 6]. During day hours, the principal type of aurora in the band are
radial arcs of weak intensity ; they disappear and reappear without any
significantly systematic movements. Their intensity increases with increasing
magnetic disturbances; the glow band somewhat widens, simultaneously shifting

toward the equator.

Day and night sectors of auroral bands can close into a uniform band with
adequately large probability on the evening and on the morning sides, or 132
even on only one of these sides, provided that the magnetic field is quiet.

The probability of closure on the evening side, incidentally, is considerably
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higher. With an increasing Q index, the region of the most probable breaks is
somewhat shifted toward midnight hours with a strong decrease in the break

probability; when Q> 3, we can speak about a uniform aurora band.

Band breaks appear at certain moments also on synoptic charts, which

show the instantaneous distribution of polar aurora. Figure 12 shows such

326

Figure 12. A synoptic chart of aurora plotted at
10h 50™ UT on 13 December 1957.

a chart, plotted at 10h 50™ UT on 13 December 1957. The field of view of the
cameras for the entire sky is delimited on the chart by a circle, corresponding
to a zenith distance of 85° for 35 mm cameras, and of 80° for 16 mm cameras.
The height of the lower aurora boundary is assumed to be 105 km. The direction
toward the Sun is denoted by a circle with a dot in the middle. Position and
shape of aurora are plotted according to the legend adoped by the International

Instructions for Aurora Observations during the IQSY. It follows from Figure 12
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that the auroral band has a break in afternoon hours (at the Piramida stationm,
with stars

photgraphed differently, there are no aurora: , even though the band
should have passed through the camera's field of view).
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U-LIKE POLAR AURORAL SHAPES

S. A. Zaytseva

ABSTRACT. The paper discusses the peculiarities of
excitation and development of U-like aurora bands and their
connection with the level of magnetic activity and config-
uration of current systems in the lower ionosphere.

The uniqueness- of the U-shaped auroras, the patterns which have been deter-
mined in their development and motion has attracted the attention of a number of
investigators [1 - 5 ]. 1In this report, we are attempting to ekplore and explain
certain specific characteristics of this type of shape. Initial data included
photographs of the entire sky, taken by a C-180 camera at the following stations:

Murmansk (¢ = 65.0° N, A = 126.8°) in 1958 -~ 1960; Dixon Island (¢ = 62.8° N,
A = 165.5°) in 1958; Tiksi Bay (¢ = 60.5° N, A = 191.4°) in 1958 - 1959; Cape
Chelyuskin (& = 66.1° N, A = 176.5°) in 1958 - 1959; data of the appropriate

magnetic observatories were also included

Figure 1. The development of a U-like shape, recorded in
Murmansk on 31 March 1958.

Figure 1 shows photographs obtained by a C-180 camera in Murmansk on
31 March 1958 at the following moments: 19" 45%s 19 4™, 19M:49™, 19" 51™
and 19h 56" UT. These photographs quite adequately illustrate the development
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of a U-like shape. As a rule, it appears during evening hours at the northern

horizon. TIts appearance usually is preceded by a rather narrow arc; the

eastern end of the arc gradually deflects to the north, forming a loop which
is open in a westward direction. U-like shapes are unstable and disintegrate
reasonably fast. For this reason, photographs taken by a C-180 camera do not

necessarily reflect all moments of their development. In some instances, the ends

of the loop close, forming giant luminescent ovals which sometimes are
deformed (Figure 2).

In most instances, the loop is formed on the eastern edge. This occurred

in 50 instances of the total of 55 that were examined, and only in five cases

were bands observed with a loop that was on the western end and was open

toward the east. Apparently, the latter are more unstable., Below, we will /35

examine bands with a loop at the eastern end and open toward the west.

Concerning the structure of U~like shapes, we find among them with equal
frequency uniform and radial shapes (35 uniform bands out of a total of 55;

the rest were radial). It should be kept in mind that in some instances the

phenomenon of an oblique superimposition may occur, resulting in the forma-

tion of a pseudo-loop in a band photographed by a C-180 camera. Essentially,
this applies to bands with a radial structure.

Of interest is the large drift velocity of U-like shapes in the westerly
direction. The height of such a band was determined by a parallactic recording
at the stations Murmansk—Loparskaya (® = 63.7°, A = 126.6°) on 2 March 1965.

Its drift rate toward the west was estimated. It turned out to be 970 m/sec,
which agrees with the findings reported in [4, 6]. T. N. Davis [4] cites
similar values for the drift rate of bands in the easterly direction, apparently

including the latter in the category of bands with a loop at the westerly end.

Comparing the time of occurrence for U-like shapes with magnetic data,

another characteristic of these shapes was discovered. It appears that they

occur near the time of zero transition in the H-component of the SD—variation

of the Earth's magnetic field., Figure 3 shows the relationship between the
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moments of the appearance of U-like

shapes and the zero transition time in
the H-component. To plot the graph, the
data of Murmansk, Dixon, and Tiksi Bay
stations were used. In spite of the

point scattering, it is obvious that

they are grouped near a coincidence

line. This is also supported by the find-

ings of Davis [4], who noted the appearance

of a loop-like shape at College about

23h - 23h 30™ LT (which is approximately

the time of zero point in College).

Figure'é. ‘Aurora band in the form of
a cloged oval, taken at Cape Chelyuskin
at 13" 3™ UT on 18 January 1959. time at any station is concerned, it is

Insofar as the zero transition

not strictly fixed, but varies within
several hours. Along with it, the time
of appearance of U-like shapes also varies. However, it should be noted that
for early zero points, the band more frequently precedes the beginning of the
zero transition, whereas for late zero points it usually lags. Inasmuch as
the beginning of the zero transition to some measure is defined by the disturbance
intensity [7], we examined the relationship between the time interval At (which
equals the difference between the time of appearance of a U~like shape and
the time of zero point), and the three-hour value of the K -index. The results
are shown in Figure 4. Each point was obtained by averaging the data for
several days (from 4 to 10). The scatter turned out to be quite substantial;
however, it does not affect the nature of the relationship. We can assert with /36
reasonable certainty that with small KP indexes, U-like shapes appear later than
the zero transition (on the average, 50 minutes later, when Kp = 2). With
large Kp values, the U-like shape obviously precedes the appearance of the

zero point ( approximately onme hour earlier when KP =4).

To some extent, these findings contradict the formation mechanism of U-

like auroras, suggested in [4, 8]. According to the latter, U-like forms with
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a loop on the eastern or western end are associated with the evening or

morning vortex of the S variation, respectively.

D

Thus, the time of appearance

of such bands, insofar as the zonal stations are concerned, must be controlled

by an SD current system.

However, during weakly excited days, the SD— system
between 21 and 9h has a meridianal orientation, whereas

U-l1like shapes with

a loop at the eastern end appear during such days at about 23h LT. Hence, it

is unlikely that a band, associated with an easterly directed current, according

to [4, 8], can be observed after the direction of the zonal current changed

from east to west.

Further, it is unlikely that aurora , as suggested by
Davis [4], duplicate exactly the shape of the currents.

Moreover, instances

were pointed out [9, 10] where currents and aurora did not coincide spatially.

1 ' f s f ' ' L RS TS . L

Figure 3. Relationship between the
time of appearance of a U-like shape,
and the zero transition time of the
H-component of the magnetic field.

The circles denote uniform bands;
crosses Indicate radial shapes. The
straight line shows the exact coin-
cidence between the formation of a

U-like shape and the occurrence of a
zero transition.

n 1 17 20 23UTaurora

Kern [8] assumes the presence of a
positive gradient of the magnetic
field in the direction of the mid-
night meridian. This, according to
Kern, accounts for the charge separ-
ation which, in turn, causes the

emergence of currents and U-like

=50 50
: At,minutes

Figure 4. Relationship

between At (At = t )
and the K# index. comp
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shapes. This argument is not very convincing. Based on our findings, a some- /37

what different explanation of the formation of U-like shapes is suggested;

A system of Sg currents, as suggested in [11], is shown in Figure 5,
The formation of such a current system, as pointed out by Nagata [11], can be
explained by convective vortexes, as suggested by Axford and Hines [12]; a
diagram of such vortexes is shown in Figure 6. Axford and Hines explain the
vortex formation in the magnetosphere by a viscous interaction between the
solar corpuscular stream and surface layers of gases in the magnetosphere.
However, they point out that the nature of the process would hardly change if
some other interaction mechanism between the corpuscular stream and the plasma
captured by the geomagnetic fleld were assumed to exist. Tﬁus, conceivably

the Levi-Danji mechanism could be applicable.

5'!

8

Figure 5. The system of sP
currents [11}. q

Figure 5 shows that between 23

and llh, the Sg-system has a meridianal
orientation near the poles. This
indicates that the zero point time Figure 6. Diagram of plasma motion in
of the sP- system approximately the magnetosphere.

coincides with the appearance of U-like

shapes at small Kp—indexes. This
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leads us to the assumption that the appearance of U-like shapes, north of the
auroral zone, during days with a small (but not zero) magnetiec activity, is
not necessarily associated with the SD current system, but rather with the
Sg system. This explains the lag of the U-like shape with respect to the
moment of zero transition 6H at zonal stationms. The vortexes at the morning
and evening side of the earth can be essentially credited with the formation
of auroral sﬁapes with a loop at the eastern and western ends. Due to the
rotation of the Earth, the vortex on the morning side is less stable [12].

Apparently this accounts for the instability of the U-like bands with a loop
on the western end.

With large Kp, the SD currents affect the time of appearance of U-like
bands. The excessive positive charge, formed on the night side, is trans-
mitted into the magnetosphere [13] along the force lines. As a consequence,
an additional vortex (clockwise, viewing the North Pole from the top) appears.
This vortex, combined with the Axford-Hines evening vortex, leads to a Zgg
deformation of the latter and shifts toward earlier hours causing the

appearance of a U-like shape prior to reaching zero point.

Insofar as bands with a loop at the western end are concerned, the positive
charge, formed at the evening side of the earth, displaces them from midnight
toward the morning. Since the SD—system, with increasing activity, becomes
reoriented in such manner that its zero point is shifted toward earlier
evening hours, it is entirely conceivable that increasing activity has no
effect upon the time of emergence of these bands. Nonetheless, it is not

feasible to derive any more specific laws from these random data, since not

enough bands were observed.

The following conclusions can be derived regarding the U-~like shape with

a loop at the eastern end:

1. The appearance of a U-like shape is statistically related to the zero
transition moment of the H-component of the SD—variation of the geo-

magnetic field.
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2, 1In spite of the time relationship between the U~like shape and the SD—
current system, the assumption that SD currents flow along the U-like shape
[4, 8], is erroneous. With small K_ indexes, the appearance of a U-like

shape is controlled by a SZ ~-system of currents.

3. The emergence of the U-like formation at earlier pre-midnight hours,
when K.p is large, can apparently be explained by the formation of magnetospheric
convection vortexes, which are essentially responsible for the Sz—system.
Presumably, the deformation is caused by the positive charge formed in the
ionosphere on the night side of the earth. This charge is transmitted into

the magnetosphere along the force lines.

In conclusion, the author is deeply grateful to M. I. Pudovkin for help in

the interpretation of the data obtained.
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THE EFFECT OF MAGNETIC ACTIVITY UPON AURORAL HEIGHTS

G. V. Starkov

ABSTRACT. The paper analyses the results which indicate
that the heights of aurora diminish with the increase of mag-
netic activity. The increase of the vertical stretch with the
decrease of magnetic activity is observed for ray forms. The
dependence is obtained between the energy of electrons, corres-
ponding to the average value of height of the lower edge of
aurora, on the magnitude of the Kp-index.

Auroral heights are a very important characteristic, since they lead to an /39

estimate both of the energy ot particles that cause atmospheric glow and also of
their energy spectrum. In view of this, it was deemed of interest to consider
the effect of magnetic activity upon polar auroral heights. To establish this
comparison, we used height data obtained by C. Stormer in northern Scandinavia
[1], and by V. R. Fuller at College [2]. The Kp—index was taken as a character-

istic of the magnetic activity.

In College (%' = 65°), the lower edge of linearly extended shapes was
measured. The observations were performed for two days in January, and for
six days in March—~April 1932. All measurements were conducted between 9 and
12h UT. The Kp—index varied from 2 to 5. A total of 436 arcs and bands
were analyzed. The height measurement data obtained before 1932 were not
used, in view of the absence of data on the Kp—index. Stormer's measurements s
conducted in northern Scandinavia (¢' ~ 65.5°), cover March,1933. The
analysis did not include aurora that were illuminated by the Sun. Essentially,
the measurements referred to characteristic points of radial formations. A
total of 51 height values of uniform arcs and bands were available. The data
used refer to seven days of observations, conducted between 21 and 3h UT. A

comparison with Kp was pbssible only for one day for less than six hours.
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and the Kg—index. The light circles the height of the lower and upper

are data for College; the dark edges of radial polar aurora, and

circles are data for the north of the Kp—index.

Scandinavia.

Figure 1 shows the measurement data of homogeneous auroral shapes with
relation to the magetic activity. The.measurements were performed for College
and for Northern Scandanavia. The heights, plotted on the graph, represent the /40
arithmetic mean of all values corresponding to the given K . The straight A
lines were computed using the least square method. The data cited in [2]
are less reliable, since overestimated height values, up to 300 km, were obtained
for the arcs. This contradicts numerous findings by C. Stormer [3], as well
as some recent results [4, 5]. 1In spite of this, there is an apparent tendency

toward decreasing height with an increase of Kp'
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Figure 3. Altitudinal distribution of the upper (solid
1ine) and lower (dashed line) edges of radial aurora
with various Kp—indexes.

SRS

e

57



Stormer's data for quiet forms turned out to be more limited, both in terms
of quantity and in terms of the variation of KP; however, the same
patterns are also recurring here. The range of height variation for the Scan-
dinavian Peninsula is considerably smaller than for College. The arcs are

at heights which are somewhat lower than the average values, obtained by

different authors without taking into account the magnetic activity level.
Inasmuch as the mean of Kp’ in presence of quiet aurora forms, amounts to

3 - 4, this again supports the obtained relationship between the mean height of
homogeneous arcs, and the magnetic disturbance. An extrapolation of the straight
line up to K= 3 yields a height of 105 km, which is in good agreement with

the mean height values for homogeneous forms.

Figure 2 shows the relationship between the upper and lower edges of radial
forms of K, based on Stormer's data. The lower edge was measured 208 times,
whereas the upper edge was measured 104 times. It appears that the same rela-
tionship of decreasing height with an increasing Kp prevails. While the height
of the lower edge changes insignificantly (approximately by 10 km), the mean
height of the upper layers and of the upper ends of the rays changes by 80 km.

Figure 3 shows the altitudinal distribution of the upper and lower edgeé of
radial forms for three values of Kp. All curves are standardized, i.e., the °
ratio between the number of arcs with a given height to the total number of

cases n_. is plotted on the abscissa. The diagram shows that the maximum of

the altiiudinal distribution for the lower edge practically does not change, and
is located approximately at the level of about 100 km. An increase of the mean
height values (Figure 2) with decreasing KP is associated with the appearance of
aurora at large heights, i.e., with the appearance of secondary maxima, which
are absent when KP = 6. The heights of the upper edge of radial arcs and the
upper ends of rays, when Kp = 4 - 5, vary greatly. There are maxima at heights
of 110 - 120, and approximately 250 km, The magnitudes of these maxima are
redistributed with a transition from Kp =4 to Kp = 5. This particular trend

is no longer apparent when K_ = 6, where we deal with only one broad maximum

at heights of the order of 170 km. In other words, with stepped up magnetic
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activity, there is a decrease not just in the vertical direction of radial /41

formations, but there is also a scatter of probable values.

Figure 4 shows. the variation of the mean vertical expanse of rays and of
radial arcs with respect to Kp. The linear decrease of the ray lengths with
increasing magnetic activity is clearly apparent. No comparison was performed
involving the specific length of radial forms with the Kp-index . Thus, frequen-

tly only the height of the upper and lower edgés was measured and the number of

indirect measurements was relatively low.

We may assume that radial aurora are
caused by electrons whose energy deter-
mines the penetration depth. The electron
energy for various heights was taken from

data reported in [6]. This applied to

4 5 5K, a monochromatic electron stream, the
electrons being distributed isotropically
Figure 4. The dependence of the among the pitch angles. The isotropicity
mean vertical direction of radial
auroral forms on (solid line), of the angular distribution is supported
and the range of héights (dashed by direct rocket measurements [7]. A

lines), for

decrease of the mean expanse of radial
n(3914 A)> 0,4, .

forms with increasing levels of magnetic
activity is possible since, according
to [6], a maximum appears with increased electron energy on the excitation

[+]
efficiency curves of emission 3194 A; its intensity increases with increasing
energy.

On Figure 4, the dashed line indicates the range of heights within the
limits of which n (3914 Z) > O.Inmax, where n is the number of quanta; 3914 Z/
el:cm:n was used for defining the energies of electrons which penetrate to
levels corresponding to the lower edge of aurora for data of Kp—indexes with
reference to Figure 2. Obviously, the range of heights with decreasing

electron energy increases just like the elongation of radial forms. The
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magnitude n > 0.1nmax was chosen so that the straight lines coincided (Figure
4) when Kp = 5. The real spectrum of particles is not strictly monochromatic.
However, according to some data, at times a spectrum has been observed that

differs very little from a monochromatic spectrum [8].

If the energy distribution of electrons is represented in terms of a power
spectrum, it will become apparent that with a decrease of‘the electron hardness
the range of heights,where n is practically constant [6],increases. Thus a
decrease of hardness is equivalent to an increase of the number of soft particles

and hence of the mean auroral height.

With the aurora edge altitudinal distribution, the following distribution of
particles in terms of energies can be plotted. It is conventional to express
the energy spectrum in the form of %% = const. E ! . According to data in [9],
vy = 5 for the external radiation belt, and y = 6 for measurements on weather-
sounding balloons when the electron spectrum is re-—established by X-ray radiation
[10]. According to [11], y varies within large limits, i.e., from 3.4 to 15.

According to [12], the magnitude of y may reach unity.

The energy spectrum of electrons obtained from aurora altitudinal distribu~
tion significantly differs from the energy spectrum described in the literature.
The presence of an occurrence frequency maximum in terms of aurora height dis-
tribution suggests that at low energies, the number of particles begins to de-
crease; hence, Y must change its sign. This discrgpancy is associated with 142
the fact that until recently only particles with energies starting at 80 eV.
were registered by rockets and satellites, If we were to construct a differential
spectrum for auroral height distribution in power form from the maximum of the
frequency of occurrence toward the side of high energies, we would obtain
Yy =2 - 3. This closely coincides with the results of other measurements.

True, the obtained spectrum would be somewhat harder. The representation of
the energy spectrum in exponential form [11] also would yield only

a decreasing section near high energies.
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Consider now the relationship between

magnetic excitation and the mean energy of

£ keV the intruding electrons, determined from
o+ y the auroral height. According to Figures
1 and 2, the height changes linearly with
di a variation of Kp' Notably, 1n E (here,
2r, E is the electron energy) is proportional
~ 5% % _5& to 1n p (here, p is the thickness of matter
penetrated by one electron until it stops,
Figure 5. Relationship between in g - cm? [13]). Since the variation of

the energy of electrons that
excite polar auroras, and the
~index. The curve reflects the barometric formula, we can set 1ln E ~ H.
expotential relationship, the
circles are experimental values.

p for the atmosphere is determined by a

It follows that In E must depend linearly

a,bK

on Kp or E =c¢e P = cepr. Figure 5

shows the relationship

E=1.31 e0°21 Kp
The dots show electron energy values corresponding to heights obtained on
Figure 2 (the straight line was extrapolated in the direction of Kp-indexes).
Obviously, during varying magnetic activity, the exponential relationship

agrees well with the mean height level of the lower auroral edge.
In conclusion, the author would like to express his appreciation to

M. I. Pudovkin for useful consultations, and to G. Sh. Zakirova for data

evaluations.
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AURORAL PULSATIONS

V. K. Roldugin

ABSTRACT. Aurora pulsations of the Pl type, unlike
P.2 are caused not by variations of arcs and bands, but by
the surrounding background. Thé diurnal changes of P_1
pulsation intensities differ from the diurnal changeslof
aurora intensity. Pulsations were observed in the infra-
red region which were not accompanied by the glow in the
visible region of the spectrum. A conclusion is made about
the different mechanisms causing pulsating and non-pulsating
auroral forms.

In the investigation of the numerous phenomena which comprise
an ionospheric disturbance (e.g., aurora, absorption of cosmic noises, magnetic
and ionospheric storms, x-ray Bremsstrahlung),it was found that the registered
signals are subject to considerable fluctuations. A variable component is
superimposed upon the constant signal; this variable has a period from several
fractions of a second to several minutes, and lasts from several minutes to
several hours. This phenomenon is defined as pulsation. Notably , pulsations
of auroral intensity registered by photometers are associated with short-
period variations (SPV) of the magnetic field [1 - 6]. The appearance of
auroral intensity pulsations is frequently accompanied by absorption pulsations
of the cosmic noise with identical periods. Since most of the studies were
concentrated on the SPV morphology of the magnetic field, we will hereafter

employ terminology accepted for the description of magnetic pulsations.

An analysis of the photometric recordings at the Loparskaya Station for
1964 - 66 indicates that auroral pulsations occur quite frequently. Their
investigations entail certain difficulties. Auroral intensity varies within
rather large limits; thus, with increasing intensity, it usually becomes

necessary to decrease the sensitivity, whereas with decreasing intensity the
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sensitivity must be increased. In the first instance, the absence of pulsations
in the recording may be caused by insufficient sensitivity. Thus, in the
investigation of pulsations, it is of paramount interest to record the variable
component only. This is attained by putting an RC-filter into the amplifying

circuit.

Oscillations of the Pi2 type with a period of 40 - 120 seconds, which
attenuate after several (2 to 5) periods,usually appear after a drastic increase
of auroral intensity. Their appearance is associated with a transition of
a homogenous arc into a radial arc, accompanied by a gain in intensity. Usually,
pulsations of PiZ aurora are observed in pre-midnight hours [6]. Their

intensity amounts to about 10% of the overall intensity.

Pulsations with a 5 - 10 second period display a more complex behavior.
They are analogous to the SPV of the Pil—type magnetic field. Their inherent
characteristic is that they essentially occur during the decrease of auroral
intensity and hardly appear before the maximum is reached. Their share in the
total intensity may reach up to 80 - 90 percent. A comparison of auroral
recordings made by a conventional photometer, and by a photometer with a RC-
filter, shows that there is no direct relationship between the pulsation
intensity of this type,and the intensity of general pulsations. During evening
hours, even strong pulsations are accompanied by Pil variations with a small 145
amplitude, whereas in pre-morning hours, aurora may appear with an intensity
which, for practical purposes, is caused exclusively by this type of pulsations.
The morphology of such aurora, said to be pulsating aurora, has been adequately
studied [7]. They appear in a form of scattered wide, low-intensity spots.
Some of them become stronger; others become weaker. Visually, it is difficult
to establish the frequency and phase relations between them. Sometimes, an
intensity variation of adjacent spots is observed with the same period; however,
they are out of phase. The general impression is that of the motion of light

waves across the sky. The intensity of strong pulsating spots is approximately

500 rel.
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Concerning PiZ type pulsations, we can, with sufficient certainty,
assert that their intensity is related to the periodic intensity variations of
bright auroral types. However, with the appearance of the Pil type of pulsations
with a simultaneous observation of an arc in the sky it is questionable that
this type of pulsation is associated with the variation of the intensity of
the arc. To compare bright pulsations with background pulsations, a photometer
with a 3° angle of view was aimed alternately at the bright (force of 3)
uniform arc at a 30° angle over the ﬁorthern horizon, and at a point in the
sky, 45° south of the zenith. At this time, there were no other configurations
in the sky with the exception of this arc. Atmospheric transmissivity
was good. The signal from the photomultiplier passed through an RC-filter
before reaching the amplifier. Intensive variations of the brightness were
observed in the arc; at 45° S, they were weaker by 5 to 10 times. Considering
that the area of the sky not covered by aurora exceeds the area of the arc
by more than a factor of ten, it becomes obvious that.the main compomnent of the
pulsating intensity is not concentrated in the arc, but rather in the surrounding
background. Similar findings for a non-pulsating intensity were reported in
[7]. Notably , the pulsations in the arc were chaotic and irregular, whereas

pulsations at 45° S had a regular nature.

To understand properly the nature of SPV of auroral intensity, it is
important to define with precision the term "pulsations'. It can be comnstrued
both as.short—period outbursts from a constant level, as well as intensity
variations with respect to that level. An analysis of Pil recordings with
and without an RC-filter leads us to the definite conclusion that they are
outbursts with respect to the fundamental level of the signal which changes
slowly. Pulsations of the PiZ type are more suggestive of oscillations than
of bursts. In the aforenamed experiment, the intensity variations of the arc
took place in the form of outbursts in both directions, whereas at 45° S, the
outbursts were directed only toward the side of increasing intensity. The

intensity variation of the arc had a noise nature.

Daily variations of the pulsating aurora with reference to local time

were plotted from the photometric recordings made by a zenith photometer for
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the 1964 - 1965 and 1965 - 1966 seasons. Data for 96 nights were evaluated,
regardless of whether aurora did or did not appear at night. The results are
shown on Figure 1. The amplification circuit of the photometer did not include
an RC-filter, and hence the contribution of very weak pulsations is not taken
into account. For comparison purposes, Figure 1, c, shows the daily
variations of auroral intensity for the Loparskaya Station for 19630— 1964,

obtained from photometric recordings of the entire sky in the 3914 A emission.

In plotting the graph, the data for 18 aurora, averaged for 15 minute inter-
vals, were used. There were about 10 aurora for each 15-minute interval. The
photometer was standardized for night background. In analyzing the photometric
traces obtained at night, in the absence of aurora, it was found that the
background intensity at night changes very little, within the limits of about
20%. Repeated standardizing by incandescent lamps, revealed that
the background intensity during different moonless nights is sufficiently
constant. Thus, standardization of photometric recordings for nocturnal back- /46

ground is acceptable in plotting the daily variations.

This daily variation is close to the one described in [8], which was
plotted from data obtained with a S-180 camera taking into account aurora
activity. In local time, the maximums at 20h, 23h and lh 30™ coincide; the
morning maximum at Loparskaya Station takes place at 4h; at Tiksi Bay, which

is geographically north of Loparskaya Station, the maximum occurs at 6h.

Figure 1 shows that the maximums of the appearance and of pulsation
activity occur between 2 and 3h LMT. It is typical that, if there is a smooth
broad maximum from zero to 4h for the probability of occurrence, then this
maximum is more pronounced for pulsation intensities. At about 20?, a large
maximum of auroral intensity was observed. It is related to homogeneous forms,
whereas the corresponding maximum of the occurrence of pulsations is small,

The second maximum of auroral intensity (at 23h) is caused by the appearance
of radial forms. The auroral intensity decreases, and is less after midnight
hours than during pre-midnight hours. The pulsation intensity, on the contrary,

keeps increasing, and is considerablly higher during afteremidnight hours than
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during pre-midnight hours. In morning hours, there is a second significant
increase of both: the probability of the occurrence, as well as of the
intensity of the pulsations. However, the elements of this maximum do not

lend themselves to tracing due to the onset of daylight.

These diurnal variations differ somewhat from the findings reported in 1§§
[4,5], The diurnal changes of Pil pulsations, obtained by R. G. Skrynnikov
(4], generally are similar to the diurnal changes shown in Figure 1; however,
they have a different ratio of the amplitude of the maximum of occurrences.
If the probability of occurrence ratio at 3h and 21h in Figure 1 is approximately
5, then for analogous maximums in [4], this ratio is of the order of 1.2. It
is pointed out in [4] that the amplitude of Pil pulsations in the glow maximum
is considerably higher than the amplitudes of pre-morning pulsations. Since no
data obtained later than 6h are given in [4,5], it is impossible to compare the
results for the mdrning maximum. Inasmuch as the findings reported in [4,5] go
back to 1961, it is probable that the differences of the diurnal variations are

associated with the change of the nature of aurora in years of minimal solar
activity.

It was pointed out in [9] that almost all fundamental emissions in the
visible range are pulsating, with the exception of 6300 Z ,» whose lifetime is
about 2™, Photometric observations in the infrared range of the spectrum
were performed in the winter of 1964 - 1965 at the Loparskaya Station. Speci-
men simultaneous recordings of Pil pulsations in the visible and in the infra-
red ranges made on 4 March 1965 are shown on Figure 2. The intensity variatioms
in both regions of the spectrum are in good agreement with each other. However,
during the two and a half months when the photometer was operating in the
infrared region, there were three instances noted when radiation appeared which
was not accompanied by ra&iation in the visible range. All three of these
instances relate to pulsating auroras: once during pre-midnight hours there
appeared PiZ type pulsations, and twice during after midnight hours, pulsations
of the Pil type were recorged. ‘Unfortunately, since the pass band was too
wide (from 8800 to 10,800 A) it was impossible to determine which emissions

cause auroral intensity pulsations in the infrared region.
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Figure 1. Daily variations of the frequency
of occurrence (a), pulsation intensity (b),
and auroral intensity (c).

The most characteristic period for pulsations of the Pil type is the
period of 4 to 8 seconds. This agrees with the findings reported in [4,5].
However, variations with a smaller period were also observed. Figure 3 sghows
a specimen recording of SPV of aurora at 22h 30" LMT, made on 4 January 1966.
Their characteristic feature, outside of the small period (0.5 second), is
a regularity of the shape, which is rare for SPV. Variations, approximately
with the same period, but, of an irregular nature, were oabserved before the
onset of dawn on 25 December 1965 (Figure 4). It was possible to observe
visually only intense short-time flares in the northernhemisphere. Of other
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Figure 2. Specimen of a simultaneous recording
of auroral pulsations in the visible (a) and
infrared (b) region of the spectrum.
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Figure 3. Intensity pulsations of aurora, recorded in the evening
of 4 January 1966.
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Figure 4. Auroral pulsation intensity, recorded in the morning of
25 December 1965.
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forms, only one aurora at the northern horizon was noted which did not hit the
angle of view of the photometer, used for recording these pulsations

Pulsations of x-ray radiation for E > 6b keV were reported in [10].

These data indicate that there are different mechanisms at work which are
responsible for the occurrence of pulsating and non-pulsating aurora. Apparently,
the difference lies, above all, in the energies of the particles involved in
ron-pulsating and pulsating auroral forms. The conclusions derived from the
study of non-pulsating auroral shapes may not be applicable to pulsating shapes.
An important step in establishing the nature of pulsating aurora would be a
determination of their height. However, direct triangulation methods are rather

difficult to apply due to the indistinctness of aurora, and the rapid variations

of their shapes.
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POLAR AURORA AT THE MINIMUM OR MAXIMUM CYCLE
OF SOLAR ACTIVITY

Ya. I. Fel'dshteyn, L. V. Lukina, and N. F. Shevnina

ABSTRACT. A comparison is carried out of aurora in the
years of the maximum (IGY) and minimum (IQSY) cycle of solar
activity. If was found:

1. that, although the level of solar activity has
greatly reduced, aurora on the nightside on the latitude of
the oval auroral zone continue to appear practically without
interval;

2. that the central line of the oval zone during the
years of the minimum has only slightly shifted in the night
hours towards the pole ( ~1.5°);

3. that with planetary magnetic disturbances relatively
similar in intensity (Kp = 5), the region of latitudes covered

by aurora on the night side of the Earth in the years of the
maximum stretches to lesser ¢' than in the years of the minimum;

4. that certain statistical regularities in aurora
are in good correlation with the oval form of the auroral
zone during the IQSY period; this form is analogous to the
one suggested earlier for the IGY period. The regularities
mentioned are the diurnal variations in the aurora occur-
rences P7Z (Figure 4); latitude distribution of the number of
aurora occurrences at different hours of local time (Figure 5);
diurnal shifts of the aurora region along the meridian
(Figure 6); changes of orientation of elongated forms of
aurora (Figure 7). Figure 2 shows the map of isoaurora
(lines of equal number of cccurrences in the zenith for the
IQSY period).

Phenomena of the electromagnetic complex of the upper layers of the Earth's /50
atmosphere are closely associated with solar activity and are subject to notable

cyclic variations. Observations conducted during the IQSY were followed by an
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interpretation of photographic data on aurora, and a comparison with the pre-
viously known laws of the IGY(IZ to determine the cyclic variations of aurora.
To make such a comparison possible, the same method of askafilm evaluation was
used in 1963 - 1965 as was used previously during the IGY [1-3]. The frequency
of aurora occurrence was used as the index of activity. This index was

computed as the ratio of half-hour intervals with aurora at the zenith to the
total number of half-hour observation intervals. Daylight and unfavorable
meterological conditions were not included in the analysis. The preliminary
results of the analysis of space-time distribution of aurora for the IQSY
period, based on photographic observations performed by the observation network
of the USSR, follow below. For technical reasons, the most northern observation
station was at ¢' = 74.5°. Thus, for the time being, data on aurora in the
circumpolar area are as yet not available to us. In view of this, the data for
IQSY, cited below, must be supplemented in the future. This is planned by adding

observation data as they become available at the World Data Center.

The latitudinal frequency distribution of aurora for all days, taken during
a six hour period, centered for local midnight, is shown on Figure 1. The geo-
magnetic latitude of observation stations was corrected, taking into account
the nondipole distribution terms of the basic geomagnetic field in this series
of spherical harmonics [4,5]. Curve 1 defines the distribution probability of
occurrence of aurora in 1963 - 1965, whereas Curve 2 reflects the same phenomena
in the 1957-1959 period.

In spite of the significant decrease of solar activity (the Wolf numbers
decrease ‘approximately by the factor of 13), aurora at Dixon Island and at Cape
Chelyuskin were observed almost all the time. Thus, for practical purposes,
aurora appear continually on the night side of the Earth near the oval zone
latitude. This applies to years of maximum as well as of minimum solar activity.
To establish a more precise localization of the position of the maximum in terms
of altitudinal distriﬁution in 1963 -~ 1965, the frequency of aurora occurrence [51

in northern and southern azimuths was computed at zenith angles larger than 60°.

@) 4. e., 1957 - 1959.
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The computation results for a number of stations are shown in the table.

It follows from the table that near midnight at stations Heiss Island,
Cape Zhelaniya, Cape Chelyuskin, the aurora appear with greater frequency in
the southern hemisphere, whereas on Dixon Island and Tiksi Bay, they are more
frequently seen in the northern hemisphere. At Cape Chelyuskin and Dixon
% Island, where aurora appear most
g frequently at the =zenith, the aurora
in one half of the hemisphere appear
‘approximately twice as frequently as in
the other half. Thus, one could assume
that the region of maximum auroral
frequency is within the latitudes
between Cape Chelyuskin and Dixon
Island, approximately at equal distances
from these stations., Cape Chelyuskin

is at &' = 71.2°, whereas Dixon is at .

[ J 1 1 :

5 & & W B

'68.0°. Consequently, aurora during‘the

Figure 1. The latitudinal distribution
of the frequency of occurrence P of IQSY most frequently appeared at gight
aurora near midnight for all days. hours at ¢' ~ 69 - 70°. North and

1 - the IQSY period; 2 - the IGY period. south of these latitudes, the proba-
bility of occurrence of aurora at the

zenith goes down dractically.

The latitudinal distribution during the yeatrs of the cycle maximum was
obtained by adding the observation data for 1958 - 1959 [7], to the data"
obtained in 1957 - 1958 [6]. It appears that in 1957 - 1959, aurora latitud-
inal distribution was more spread out. Aurora most frequently appear in the

interval of 66 - 70°. Thus, if the auroral zone is arbitrarily set as the

latitude of the center line of the latitude region where aurora appear with

maximum frequency then this region,during the IGY, was at ¢' ~ 68°, whereas

during the 1IQSY it was at ¢' ~ 69.5°. It follows that the cyclic shift

of the auroral zone toward the night side of the Earth amounts to only 1.5°.
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TABLE

Observation Frequency of Frequency of
station occurrence of occurrence of
aurora in the aurora in the
north, 2 south, %
Heiss Island ' 19.2 67.3
Cape Zhelaniya 29.8 40.8
Cape Chelyuskin 44.0 74.6
Dixon Island 80.1 44.9
TiksiBay 60.6 11.1

At the circumpolar side of the zone, up to &' ~ 75°, tHe frequency of auroral /52
occurrence in years of the cycle maximum and minimum is practically the same.
However, on the equatorial side, aurora appear with considerably greater fre-
quency during the years of the maximum. Notably, this difference for the
equatorial side was obtained from the data of a large number of stations, and
thus should be considered reliable. The absence of cyclic.variations at

$* > 71° 1is based on data of only one station (Heiss Island), and hence should
be considered in conjunction with additional data. The shift of the position
of the centerline of the oval zone and the more frequent appearance of aurora
at low latitudes in years of the maximum is a consequence of more frequent
magnetic disturbances. Moreover, when magnetic disturbances are equal in
their intensity, the latitude zone, covered by aurora at the night side of the
Earth, extendsto lower ¢' in the years of maximum, than in the years of a

minimum [8 - 10].

The minimum of the solar activity during the IQSY was not as deep as in the
winter of 1954 - 1955, when hourly visual observations of aurora were performed
at 50 stations at longitudes of 50 - 110° E [11]. It was noted then that aurora
are observed daily, even during magneto-quiet days (XK < 15). The zone of
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Figure 2. Isocaurora during nighttime hours in
1963 - 1965. The bold line defines the Fritz-
Westin zone.

maximum frequency of auroral appearance during all days, including magnetoquiet

days, was at the geomagnetic latitude of 65°, which corresponds to &' ~ 70°.

Thus, the practically continuous presence of aurora at ¢' ~ 70° is typical
also for a deeper minimum of the winter 1954-1955 (the sum of the monthly
average of Wolf numbers from October 1954 through March 1955 amounted to 72.6,
as compared to 123.2 for October - March 1963 - 1964 énd 75.7 for 1964 - 1965). /53
According to [12], the auroral zone shift toward the equator from 1954 - 1955 to
1957 - 1958 amounted only to 2.5°. Comsequently, cyclic changes in the position
of the line outlining the most frequent occurrence of aurora on the night side of

the Earth are small, and amount to only 1.5 - 2.5°.

It is assumed that isoaurora (lines on the surface of the Earth, connecting

points with equal occurrence of aurora at the zenith) are located during night

-hours along corrected
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MT - — Zeomagnetic parallels, or along the lines
- //’ ° \\\ of equal value of the parameter L [13].

A // \ This assumption is reflected in Figure 2.
st / \ where a family of iosaurora is plotted for
- I '2A\\ a minimum cycle of solar activity. Iso-
4o ! N aurora for the maximum cycle are detailed

mil in {14]. The position of the maximum
j isoaurora (of the Fritz-Westin zone) is
B T S R SR shown by a thicker line. In 1963 - 1965,

S w w w L ne
the frequency of appearance of aurora

Figure 3. Latitudinal distributiomn
of the frequency of appearance P of
aurora in near-midnight hours when was the same as in 1957 - 1959; however,

KP = 3. the maximum isoaurora was somewhat shifted

1 - the IQSY period; 2 - IGY period.

at that zone in the northern hemisphere

toward the pole,

It was demonstrated in [9] that when Kp < 1, the latitudinal distributiops
of the frequency of auroral displays for 1957 - 1959 and 1963 - 1965 practically
coincide. When Kp > 5, there are substantial differences in the frequency of
auroral displays south of the Fritz-Westin zone. In years of a maximum, a
drastic decrease of the probability of auroral displays takes place at 3' a 59°,
whereasin years of a minimum, it takes place at ¢' ~ 64°. To be able to evaluate
the reasons for such a difference with greater certainty, the latitudinal
distribution of auroral displays at the zenith were plotted for night hours

when Kp = 5; the diagram is shown on Figure 3.

The diagram clearly shows the difference in latitudinal distribution at
¢' ~ 54 - 65°, where,during the maximum of the cycle, aurora appear considerably
more often than during the period of the minimum, even at the same level of
pPlanetary geomagnetic disturbance. A more frequent appearance of auroral dis-
plays at middle latitudes during the IGY, as compared to the IQSY, stems from
two causes: 1) a more frequent appearance of intense magnetic disturbances,
and 2) expansion of aurora to lower latitudes even at the same level of geo-

magnetic disturbance.
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In processing the IGY data, it was found that instantaneous auroral distri-
bution has an essential assymmetry, and that aurora most frequently appear along
the oval zone of polar aurora [2, 15, 16]. The oval zone of the aurora can be
used to explain theilr fundamental statistical laws; the shape of the diurnal
frequency variations of auroral displays at different latitudes, the position of
the maximum in latitudinal sections as a function of local time, the auroral
motion along the meridian, the variations in the orientation of elongated forms
observed at the station during the night. The laws stipulated below (for

the IQSY) are in very good agreement with the concept of the oval zone of

aurora.

Figure 4 shows the frequency variations of auroral displays at the zenith
at stations at Cape Zhelaniya, Cape Chelyuskin, Dixon, Murmansk, and Verkhoyansk
during a 24-hour period. At the most northern stations (Cape Zhelaniya and

Cape Chelyuskin), the near-midnight maximum bifurcates, and auroral displays

occur most frequently before and after the geomagnetic midnight. This shape of /54

diurnal variations is typical for points close to the Fritz-Westin zone in

the direction of the pole. It is caused by the station passing under the oval
zone of aurora before and after midnight during the diurnal rotation of the
Earth. Aidroral displays on Dixon Island most frequently take place during
near-midnight hours; this also supports the concept of the oval zone. In near-
midnight hours, the oval zone is located at latitudes of the Fritz-Westin zone,
i.e., somewhat'north of Dixon. Hence, in the diurnal variation of the frequency
of auroral displays, one night maximum is observed at latitudes south of the
Fritz-Westin zone. The intensity of thié maximum decreases with decreasing
distance from the equator. While auroral displays appear at Dixon in a maximum
of 96 cases out of a hundred, the ratios for Murmansk and for Verkhoyansk are

25 and 7 out of a hundred, respectively.

The diurnal shift of the zone of the most frequent auroral displays at the

zentih becomes especially pronounced when we consider the latitudinal distribution

of the frequency of auroral displays at various hours in local time. Figure 5

shows the distribution at 0 - 1, 7 - 8, and 17 - 18h LMT, obtained from the

78

e



b}
b

wf
a 50
401
ar
ole
L
[/
4
b 20" .
Y/ — sar ¢ s . )
b2 & 66 68 70 12 M,
50
c
" /
20 . .
0 - 2 1® f ‘ 1 -
~ 62 64 66 68 70 72 M PN
c
Figure 5, Latitudinal distribution
of the frequency of auroral dis-
d 1 : o plays P at different hours local
wp ¥ 6 B 20 22 % Z &£ T time.
—ai . m N L gt
e T8 0B B o7 og BT h h h
(a)-0-13;3Mm)-7-83()-17 - 18".

Figure 4. Diurnal variations in the

frequency of appearance P of auroral recordings of all S-180 cameras used in

displays during the IQSY.
auroral photography during the IQSY.

i _ giiinz?zizzézaé E ;ugizssﬁ?elyuskin;The statistical basis for the values

e - Verkhoyansk. of P (in percent) is different for
different stations due to the different

duration of darkness allowing auroral photography, as well as due to the differing

technical level of the photographic personnel. Unfortunately, the most

northern station (Heiss Island) was operating during one season only (1963 -

1964). Thus, the absolute values of P (in percent), obtained at that station,

must be approached carefully, taking into account (Figure 5) the tendency

for P to vary (in percent) at latitudes above 71.5({

During near-midnight hours, the maximum of auroral displays is observed in
the area of the Dixon Observatory; it decreases toward the pole and toward the

equator (Figure 5,a). In the morning and evening hours, the probability of
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auroral displays increases monotonically toward the pole; at the latitudes of
Dixon, the maximum is definitely absent. Using the data at our disposal at the
present time, it appears impossible to determine with accuracy its position in
latitudinal sections for morning and evening hours. However, these data

(Figure 5) distinctly indicate that the zone of the most frequent auroral /55
displays is shifted toward higher latitudes during morning and evening hours,

as compared to night hours,

If the zone of the most frequent auroral displays at the zenith is oriented
with respect to the Sun in such manner that it is at higher latitudes in day
hours than in night hours, then at a given station, one would observe a
meridional motion of the aurora toward the equator during pre-midnight hours,
whereas during after-midnight hours the motion would be directed toward the
pole. The presence of a diurnal auroral shift follows also from the Alfvén [17]
theory of aurora. According to this theory, the maximum distance between the
pole and the aurora band would be observed at 18h, whereas the minimum distance

would become apparent at 6h.

Shifts in the latitude of auroral displays at stations near the Fritz-Westin
zone were known for a long time. It was pointed out in a number of studies that
these shifts are not in agreement with what could be expected theoretically
from the Alfven theory. Thus, at a maximum distance from the pole, the auroral
band is observed during near-midnight hours, rather than at 18h {18, 19]. The
existence of systematic meridional movements of aurora during the IGY has been
pointed out by'Dzyubenko [20]. Such meridional movements agreed with the concept
of the oval zone. According to [20]}, at &' <72°, auroral displays during
evening hours occur at minimal distances from the pole, shift to a maximum
distance during near-midnight hours, and shift again toward the northern

horizon with the onset of the morning.

Similar methods [20] for the calculation of the shift in latitude of the
glow zone were used in the evaluation of observations during the years of
minimum solar activity. Figure 6 shows the obtained results. Local midnight is

indicated by an arrow. With decreasing latitude of the observation stationm,
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Figure 6. Diurnal shift of the aurora
area along the meridian during the IQSY
at stations:

a — Cape Chelyuskin; b - Dixon;
¢ - Tiksi Bay;d - Verkhoyansk

the amplitude of the computed diurmnal
shifts becomes smaller. An analogous
effect was also noted for the IGY [20],
caused presumably by the data evaluation

methods.

At southern stations, auroral
displays are observed predominantly
in the northern half of the firmament. /56
They rarely pass through the zenith and
through the southern half. Inasmuch as
the absence of aurora is not taken
into account in the calculations, this
substantially decreases the diurnal
drift amplitude. As a result, the
computed position of the aurora band at
southern stations practically does not
change. An analogous circumstance was

noted in [19], where the methods,

suggested in [17], were used to explore the diurnal meridional movements.

The movement of aurora along the meridian at Cape Chelyulskin, Dixon and

TiksiBay corresponds to the shift which can be expected on the basis of the

oval zone concept. Maximum distance from the pole is observed during near-

midnight hours; during morning and evening hours, the glow zone shifts toward

the pole. At about midnight, the computed ¢' values for Cape Chelyuskin turned

out to be less than the geomagnetic latitude of the station, whereas for Dixon

these values were higher. The reason for that, as we pointed out, is that

during near-midnight hours aurora at Cape Chelyuskin appeared predominantly

toward the south, whereas at Dixon they appeared toward the north. During

the IGY, aurora at Dixon were more frequently passing into the southern half

of the firmament during near-midnight hours. In veiw of this, it was

reported [20] that during these hours the glow aurora zone was on the average

somewhat south of the station.
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Figure 7. Variations of the orientation of elongated auroral forms in years of
minimum solar activity cycle.

Azimuths were calculated east of the geomagnetic. pole, taking
into account corrections for non-dipole terms. Local geomagnetic
time was used. The number of measured azimuths for each hour,
from which the mean was determined, is shown in the upper and
lower portions of the graph. The mean square deviation is de-

noted by a vertical line.

Due to an error in camera orientation, the azimuths in Figure
7 for Cape Zhelaniya must be increased by 20°

Thus, analyzing diurnal shifts of aurora, we find a clearly pronounced,
small cyclic shift of the aurora zone. At Tiksi Bay, aurora during the IGY 122
as well as during the IQSY were located predominantly in the northern half of
the firmament. This is an additional confirmation of the small cyclic shift

of the oval zone on the night side of the Earth.

As during the IGY, azimuths of elongated aurora are subject to noticeable

diurnal variations. Figure 7 shows variations of azimuths, calculated east of
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the geomagnetic pole, taking into account the correction for non-dipole terms

[21, 12], and with reference to local geomagnetic time. Observation data col-
lected at stations Cape Zhelaniya and Wrangel Island in 1964 - 1965 were used.
The method of azimuth determination of elongated auroral displays was similar’
to the one used in [22].

The characteristics of diurnal variations of azimuths in years of minimum
solar activity cycles are analogous to those described in [21 - 23] during the
years of maximum activity. Naturally, this can be explained by the different
positions of the observation station with respect to the oval auroral zone dur-

ing the diurnal period.

On Wrangel Island, the azimuths decrease monotonically from evening hours
toward the morning hours, amounting to approximately 90° at midnight. This
means that elongated aurora in near-midnight hours are located along the line
L = constant. In morning and evening hours, the azimuths differ from 90°,
taking on the values of under 90 and over 90°, respectively,with reference to
the direction toward the pole. Using the data of this station, it was impossible
to determine how the azimuths returned to their initial values, i.e., whether
by a leap, according to the Alfven theory, or by a smooth gain. The reason
for that was that the data of this stationdid not include observations
between 6h and 8h.

Similar difficulties were encountered earlier during the evaluation of
observations at Dixon Island [24] and TiksiBay [25]. At Cape Zhelaniya, which
is at a higher latitidue, the amplitude of diurnal variations of the azimuth
increases by more than the factor of two, amounting to approximately 70°.

It was pointed out [21, 22], that the increase of the amplitude of variations as
the pole is approached at these latitudes 1is a peculiar characteristic of the
IGY period. Despite the relatively small amount of data for morning hours at
.Cape Zhelaniya, we can definitely assert that the azimuths increase, starting

at 4h. Their growth is not abrupt at a given moment, but gradual. This nature
of diurnal variations at %' n 71° is analogous to the pattern described in [22]

3 for the IGY period. It is also in better agreement with the concept of the

|
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position of elongated auroral shapes along the oval zone, rather than along the

zone which would follow from the Alfven theory.

The S-180 camera network of the Soviet Union during the IQSY was operating
under the direction of Prof. A. I. Lebedinskiy.
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THE RATIO OF 1 NGO; AND 1 PGN2 EMISSIONS AS A FUNCTION

OF AURORAL HEIGHT

V. K. Roldugin

ABSTRACT. The change of ratio of 1 NGO+ emissions,
registerd by scanning photometer, to 1 PGN as the same
form, depending on the height of aurora, a§ the change of
concentration ratio N(02) to N(Nz) in the atmosphere.

On 2 - 3 March 1965, scientists of the Polar Geophysical Institute 122
performed a determination of heights of the lower edge of aurora at the Lopar-
skaya and Murmansk Stations [1] . In the same plane in which the heights were
determined, the "sections" of the sky were scanned by a scanning photometer
with automatic replacement of filters. The scanning time from one horizon to
another in one filter was 8 seconds; the angle of view of the photometer was 3°.

Among the filters used were two inter-

1{0;) n(0y) ference filters centered at 5,300 and
Iz Nz n(Nzi o o
QSk o 5,900 A with a width of about 150 A
[2] for half of the maximum pass band.
a2 The aurora zones of the sky in those
filters essentially coincided with the
5 0
ar aurora zones of emissions 4278 and 5577 A.
~l L | Roughly, the intensities can be esti-

I R U U W N S B 1 °
& W00 120 WO 160 80 200 ke mated at 5 krel in the 5300 A filter,
(-]
The ratio of intensities 1 NGOZ/I PGNoy ané at 3 Krel in the 5900 A filter.
in arbitrary units (circles), and the On the other hand, the intensity of

ratio of concentrations 02/N2 (curve) °
as a function of the height of the lower 5577 A was of the order of 15 krel.

edge of the aurora. Thus, it can be postulated that the
intensity, registered by the photometer
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in these filters, was not caused by a solid continuum and Na, but rather by
5200 NI 522281 NGNZ, 1 NGOZ in filter 5300 X , and by 1 PGN2 in filter
5900 A A spectrum, photographed by S. A. Zaytseva using photometer SP-48

in the 5300 2 region, revealed only the line 5200 Z and did not show 5228 Z.
The intensity of 5200 NI is one order of nagnitude weaker than that of 1 NGOZ
[3]; moreover, it is in the decay region of the transmission band of the filter.

Thus, its contribution to the overall signal may be neglected.

The ratio of the intensities 1 NGOZ/l PGN2 with reference to the auroral
height is shown by circles on the diagram above. Readings were taken at heights
corresponding to the maximum intensity. In view of the approximation of the
absolute value, relative values were used. It is apparent that the ratio

decreases with increasing height of the lower auroral edge.

The solid curve on the same diagram shows the ratio of concentrations /60

0 /N as a function of height, taken from [4]. It is apparent that its altitud-
inal pattern is analogous to the altitudinal pattern of 1 NGO / 1 PGN2 The
results indicate that both emissions are excited in a similar manner. It follows

that their ratio can be used to estimate the auroral height.
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IONOSPHERIC PROCESSES ASSOCIATED WITH AURORAL
HEIGHT VARTATIONS

P, Ya. Sukhoivanenko

ABSTRACT. The paper makes a comparison of the height
of aurora during several hours in March 1965 with the intensity
of emission A 4278 K,radio wave absorption at a frequency of
32 Mhz and Earth current pulsations.

In March 1965, the Polar Geophysical Institute conducted a program involv- /61

ing a rapid determination of auroral height by triangulation methods [1].

Observation stations were located in Murmansk, and in Loparskaya, 37 km
south of Murmansk. The observations were performed with theodolites equipped
with sighting devices; observers were in radio-telephone communication with
each other. The visual observations of heights were supplemented and controlled
by photographic observations. As a rule, the discrepancies for a given auroral
shape, observed by both methods at the same physical moment of time, were within

the limits of 0 to 10 km.

The objective of this study was to investigate the height variation of a
given auroral shape during the observation time period, and to compare the find-
ings with other geophysical phenomena. The auroras were observed by a scanning
photometer in the A = 427§ Z a NGNZ) emission. The half width of the light
filter pass band was 120 A. The field of view of the photometer amounted to a
3° solid angle. The scanning time of the sky from the northern horizon
(toward Murmansk) to the southern horizon was eight seconds. The light filter

period of rotation amounted to about two minutes (the photometer was equipped
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with five filters). 1In addition, data obtained by the magnetic observatory
and rheometric studies from the Loparskaya Station were used, as well as Earth

currents data from the Lovozero Station.

As indicated on Figure 1 [2], the decrease of height of the lower auroral
edge during the night of 2 - 3 March 1965 was accompanied by a brightness gain
at the emission A = 4287 Z and by a growth of the ionospheric absorption of
radio waves at the 32 Mc frequency. Short-period variations of the geomagnetic
field of the Earth of the type PiZ + Pcl appear during periods of increased
intensity of auroral glow at heights under 100 km. This glow is accompanied
by ionospheric absorption of radio waves at the 32 Mc frequency, if the aurora,

observed at such height, are within the directional diagram of therheometer.

The investigated time interval coincides with the transition through zero
(Figure 2) of the H-component of the magnetic disturbance field. Thus, even
in presence of bright auroral displays (up to the force of 4 on the international
scale), the absolute deviations of the H-component from the non—disturbe& level
are relatively small. However, during moments when the lower auroral edge
decended to heights below the 100 km level, the recording showed brief (2 - 3 /62

minutes) flares amounting to tens of gammas:

Time , ... .. 1gh43m  4gh4gm  qghom  qghygm
hy, km . ..... 82 86 99 100
AH, v -+« 80 70 45 60

No less typical is the relationship between the ionospheric absorption
level and the electron energies causing auroral displays, especially if we
bear in mind that the height of the lower auroral edge was determined within
an accuracy of 10 km. Radial auroral forms, as a rule, did not fill out the
entire directional diagrambof the rheometer. Thus, one would have to expect a
qualitative correlation of the graphs in (Figures 1b and c¢) rather than a

quantitive correlation. This was confirmed by experimental data.
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edge in time (a) and of the monochromatic
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Actually, on 2 March 1965 at 18h 54 and 18h 58m, aurora reached heights
of 86 km; however, they were accompanied by a weak absorption. At these heights,
they existed for a short time only. Hence, it can be assumed [3] that the
variation of the ionospheric absorption during flares of radial auroral forms
is associated not only with the intensity variation of the corpuscular stream,
but also with the variation of the energy of electrons which penetrate into

the upper atmosphere of the Earth.

Between 18h 38" and 18h 46m, auroral displays were beyond the directional
diagram of the rheometer. Naturally, for this period of time there is no
correlation between the aurora height and the absorption of radio waves.
From 19h 18" on, the aurora became diffused and blurred. From this point on,
it became impossible to determine its height. However, radio wave absorption
continued to increase up to 19h 24" and slowly diminished only after that
moment. The recording of the H-component for this time shows a large negative /63
bay of about 200Y (Figure 2). Considerable absorption after 19h 18" apparently
can be explained by the ionization in the current layer which at that time was
still sufficiently high; auroral glow occupied a large area in the sky and
adequately filled the directional diagram of the rheometer.

According to the data of the survey camera C-180-S in Murmansk, there was
no hydrogen emission Ho in the auroral display during the given period of
time. Typical for the aurora was the presence in the spectrum of the first

positive system 1 PGN In its total intensity, this system exceeded the emission
-]

9°
A 4278 A. The intense glow leads to the assumption that it may be excited by

electrons,

If we interpret auroral glows at heights of under 100 km as the penetration
of electrons into the Earth's atmosphere with energies of over 10 keV (we will
refer to them as "hard electrons'") [3], then it would appear to follow that the
intrusion of such electrons takes place over a short period of time (no more
than several minutes). The data used in [1] suggest that auroral displays
have a quasi-periodic nature with periods of three to seven minutes. For a

certain time, auroral displays glow only at heights over 100 km above sea level.
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Consequently, the Earth's atmosphere is penetrated by electrons with energies

of under 10 keV (or soft electromns).

Radial arcs are less than 30 km in height [4). Therefore, we could stipu-
late that, regardless of the height of the lower auroral edge, during the entire
existence of the auroral display the glow takes place at heights of over 100 km.

During the entire existence of aurora, the Earth's atmosphere is penetrated by

soft electroms.

Since not enough height measurements were performed in [1], these

conclusions must be considered as preliminary.

The author is extremely grateful to M. I. Pudovkin for the meaningful

discussions during the preparation of this study.
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THE EFFECT OF QUASIRHYTHMICITY IN GEOMAGNETIC
AND AERONOMIC PHENOMENA

G. P. Tsirs

ABSTRACT. Bursts of ultra-low frequency emissions, bursts

of some geomagnetic distrubances, bursts of auroral absorption
and bursts of ultra-high frequency field, observed with the
rheometer, often form successions (quasirhythmoids), so that the
greatest ratio of the neighboring ti intervals between the com-
mencements of bursts is within 1.00 - 1.12, or 1.38 - 1.74.

The paper briefly discusses the problem of the physical meaning
of this empirical effect.

In this study, we analyze the time distribution of the beginnings of [64

significant intensity increments with reference to the following phenomena:

i)
2)
3)
4)
5)

very low frequency emissions (VLFE) at 725 Hz;

magnetic field pulsations with quasiperiods from 20 to 600 seconds;
storm~type variations of the magnetic field;

auroral absorption of cosmic noise at 32 MHz;

very high frequency field (VHF) at 32 MHz, observedrheometrically.

The study is essentially based on observations performed in September and

October 1965, at the Loparskaya and Lovozero stations (recordings of magnetic

field pulsations), as well as on some literature data.

On a continuous trace, increments of intensity frequently form single bursts;

their beginnings can be objectively and precisely studied, especially if the

larger bursts have a steep forward front. If the forward front is not steep,

the beginning of the burst is determined by the moment of its intersection with

the envelope of insignificant (random) oscillations. In this manner, the length
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of the time interval between the beginnings of successive bursts, known as the

tact interval (TI), can be determined.

Obviously, this study relates to the exploration of the reciprocal relation-
ship of consecutive TI or, in other words, the reciprocal relationship of the

bursts with a view to the aftereffect of these phenomena. It is easy to

understand that in statistical laws, e.g., the distribution of the TI,must be

associated with the observed dynamic effects or laws, e.g., with the periodicity

of the phenomena, with the shape of the bursts, with the nature of their
associations, etc.

Quasirhythmoids of VLFE Bursts

According to some studies [1 - 5], VLFE(l) at 700 + 100 Hz form a certain

It was also pointed out [1 - 3], that they are as-

sociated with the micropulsations of the magnetic field and with the auroral
absorption [3].

maximum in the spectrum.

Moreover, these frequencies are empirically identical to

proton gyrofrequencies in the ionosphere up to a height of approximately 1,000

km [1, 2, 3, 5]. However, there exist theoretical difficulties involving

the explanation of the discharge of cyclotron emissions of protons from the
region of the normal Doppler effect [3, 5], or its narrow band in the region

of the anomalous Doppler effect [5]. Mc Arthur, Murcray et al.,[6, 7],

assumed, and Murcray and Pope [8] considered the excitation of chorus-type

165

VLFE by low- and medium-energy protons (auroral protons) in the region of the

anomalous Doppler effect. Notably, choruses correlate positively with magnetic

activity indexes [9, 10]. Moreover, they are active after negative bays [9],

and are closely related with moderate absorption [11, 12], especially during

morning hours [12]. However, there is a negative correlation with polar aurora

activity [11]. In [13], chorus-type resonances of up to 1500 Hz are referred

to as '"'polar chorus'.

(1) Rather than ﬁsing the term "very low fréﬁﬂénby" (VLF), we are
employing a more concise definition: '"Very low frequency emissions"
(VLFE), [12].
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In [8], the relationship of the observed proton emission frequency during
its approach to Earth was computed with respect to time, recorded from the
beginning of the reception for the range of radial velocities of 500 ~ 3000 km/
sec. Notably, the reception begins at a frequency of 500 Hz. In time, the
frequency gains so that the reception length in the constant band Af decreases
with the gain of f. This indicates that the maximum of the spectrum of
average intensity is shifted to 500 Hz. The latter is caused by the selective
distribution of the N/f_ parameter in height, where N is the electron density,

and fp is the proton gyrofrequency.

The observed radiation at f = 750 Hz may produce protons with a velocity
of 10 km/sec at a height of two Earth's radii, where the gyrofrequency fp < 100
Hz [8]. The smaller the radial velocity, the higher is the reception time of
the emission in the range of lower frequencies. When the region of mirror
points is reached, the combination of a small radial velocity with large

pitch-angles does not yield effective radiation across the magnetic field [8].

The protons reach the mirror points region with a greater velocity;
however, their emission is more intensive. For this reason, one can expect a /66

broader band of observed radiationm.

The reception of VLFE at the Loparskaya Station was performed with a
vertical frame (height 10m) located in the plane of the geomagnetic meridian.
The amplified and detected signals were averaged and recorded on an automatic
recorder with a paper velocity of 60 mm/hr. Even though the integration by
an RC-circuit with a time constant of 20 seconds does strongly suppress the
registration of discrete signals, it appears, judging from the oscillograms,
that VLFE of about 725 Hz more likely consist of a multitude of discrete
signals, rather than a continuous noise. TFor the average burst in October,
the spectral flux intensity was extimated at 3 x 10—13 W/mz‘Hz, which is in

agreement with a number of estimates [4, 14, 15, 16].

A visual analysis of the reciprocal distribution of individual bursts

in time, with a characteristic duration of 10 - 20 minutes, frequently
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identical in shape, revealed that their sequences appear quite frequently.
These sequences are at the beginning of the bursts, located at almost equal
intervals (Figure 1, curves for 8 and 9 July). This "periodicity" is often
disrupted, while the type of bursts remains unchanged. Frequently, the
appearance of a sequential burst is accelerated or retarded in a certain
relationship. This led us to the formulation of the following effect of

quasirhythmicity.

Substantial bursts are statistically related in such a manner that, when
the probability is greater than with an exponential distribution of TI,
sequences between the beginnings of the forward fronts of bursts can be
distinguished, out of three or more bursts with the largest ratio of the
adjacent TI within the limits of 1.00 - 1.2, or 1.38 - 1.74. Such a sequence
shall be subsequently referred to as a quasirhythmoid (QR). Three types of
two—interval QR were distinguished:

1) Adjacent TI are approximately equal;

2) The subsequent TI is approximately smaller than the preceding
TI by the factor of 1.5}

3) The subsequent TI is larger than the preceding TI by the factor
of 1.5 on the average.

We will demonstrate that such TI frequently appear in numerous geomagnetic
and aeronomic phenomena. Figures 1 and 2 (quoted from [16]) show specimen
QR of VLFE. It is of interest that sometimes a VLFE "storm" can be represented
by a superposition of overlapping QR, whose bursts are determined from their
shape, duration, etc., as shown on Figure 3. Analyzing VLFE recordings
taken over a 25-day period in October, 1965, and measuring the TI, we separated
101 dual-interval QR, containing a total of 140 TI. Of all these QR's, 50%
were QR's of type I, 307 of type II, and 20% of type IIL. The averages of
the ratios of successive QR's were 1.04, 1.56 and 1.55, respectively. Since
the characteristic duration of a burst was 10 - 15 minutes, and no QR was dis-
tinguished when the length of significant excesses exceeded 25 minutes, it
could be assumed that the TI distribution would have a maximum at 15 - 25

minutes. However, the principal maximum is at 30 - 40 minutes (Figure 4).
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very low frequency emissions
' ’ 16 'i l: at 725 Hz. Bold vertical lines
!

. denote the beginnings of the
.-\_._/\A,~a_J¥L~_Q_,__A_,ﬂVH_~”__JJ\vjx*ﬁflfiz bursts; the numerals between
them denote the durations of the
intervals (in minutes); thin
dashed lines are the time traces;
the numerals next to them denote
the LMT (30° E)

Figure 2. A QR of VLFE at 8 KHz
[6], recorded on 14 February
1964. Notation same as in
Figure 1.

Figure 3. Superposition of quasirhythmoids during a VLFE
storm on 13 November 1965. The beginnings of the bursts
of the second QR are denoted by bold broken lines; the
remaining notations are the same as in Figure 1.
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Figure 4. The distribution of tact intervals of isolated
VLFE quasirhythmoids.

Thus, one could assume the existence of a mode of TI QR's of the order of

30 - 40 minutes.

Quasirhythmoids of Magnetic Field Pulsation Bursts

QR of pulsation bursts were separated from magnetograms with a velocity
of 90 m/hr. A classification of the pulsations within the bursts was not taken
into account. The commencements of the bursts were determined from the burst
of the envelope, and from the moment of the change in the oscillations at
the commencement of the burst. Some activity was noted somewhat earlier
than the beginning. A typical QR, which developed during the storm of pulsa-
tions, is shown in Figure 5; a storm of pulsations is usually associated with
a bay-like disturbance. A QR consisting of weak P;3 was isolated between
7 - 8h UT on 4 October 1965 (Figure 6); at 16 - 18h UT, a QR was noted that

consisted of individual sharp bursts on a relatively quiet background.

The table shows moments (UT) at which pulsations appeared in October,1965;
and the intervals (in minutes) between them (in parentheses). The isolated

QR are separated by semicolons.

During the remaining days of October,1965, it was difficult to separate
the individual pulsation outbursts ‘becausé of the large disturbances.
Obviously, the TI of the pulsation bursts have a large range of values. The
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QR appear with a considerable frequency. It is of interest to isolate the /70

—————

effect for micropulsations. Empirically, this is associated with the fact

(as emphasized in {17]) that the ratio of TI between the '"pearls" Pc2 (CP1lp)

to the TI between ''pearls" Pcl (PP) is 190/120 = 1.56. This phenomenon

is interpreted in [17] as the ratio of the oscillation times between the mirror
points for slow protons (exciting the PCZ), and the fast protons (exciting

Pcl)'

TABLE
Date Bursts of pulsations, grouped into
quasirhythmoids
1 9h7m (226), 12843™ (150), 15P28™, 19125 (120), 21P25% 68
(190) ._/_.._
2 0°35™, 0U35™ (358), 6M46™ (498), 1520™ (350), 20050™

17841™ (267), 22"8™ (273)
2hyqm ghagm (53) 7h34m (36), gh7m
16824™ (46), 17M10™ (27), 17037™

5 1814™ (88), 2M42™ (63), 345™, 22156™ (190)
6 2he™ (127), 4h13™
7 703™ (57), 9B0™ (80), 10M20™
9 1“30‘“'(240), 5"30™ (367), 14037 (350), 17b27™
19127 (44), 20M1™ (31), 20042™, 20B42™ (236)
11 4113 (247), 8B20™ (224), 12B4™ (216), i5h4om(191),
18854™
13 0"51™ (46), 14377 (67), 2843, 12P6™ (128), 14714™ (121),
16M15™ (72), 170270
14 1844™ (43), 2B27™ (48), 3M15™ (49), 4P4™ (70), 5P14T
13Y0'™ (120), 154" (120), 17P0™
16 5U30™ (365), 11935 (390), 18M5™
19 1210 (240), 16P0™ (225), 19745™
26 15016™ (274), 19850™ (175), 22B45™
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Figure 5. A QR of the pulsations of the geomagnetic field, recorded
on 2 October 1965. Notations same as on Figure 1.

Figure 6. A QR of weak pulsations and of intense bursts of
the geomagnetic field, recorded on 4 October 1965.
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Figure 7. Quasirhythmoids of bay-like disturbances of the geo-
magnetic field, recorded in September 1965.
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Figure 8. Quasirhythmoids of magnetic field
disturbances, beyond the magnetosphere,
recorded in March 1965 [18].

The upper scales show the geocentric distance
in Earth radii, the lower scales indicate
the UT. The satellite was on the evening
side of the Earth; the straight line,
connecting the satellite with the center
of the Earth, made a 25° angle with the
Earth-Sun plane, which is normal to the
ecliptic, and a 35° angle with its pro-
jection upon the plane of the ecliptic.
The lower QR correspond to QR of bay AD
at Murmansk.

Quasirhythmoids of Bay-Like
Distrubances of the Magnetic
Field.

Specimen QR, identified
from magnetograms taken in Sep-
tember 1965, are shown in Figure
7. When the bursts had no
steep forward fromnt, their
commencement was determined from
ihe intersection of their
magnetogram with the magneto-
gram of the quietest day of the
month. During strongly dis-
turbed days, the bays overlap,
the trace becomes undecipherable,

and the QR cannot be identified.

In Figure 8, the QR are
defined with respect to the
deviation of the O-vector of
the magnetic field from a
plane that is parallel to the
plane of the ecliptic beyond the
magnetosphere, according to
the data supplied by "Explorer
X" [18]. The graph indicates
that the commencements of

different bays (in terms of

magnitude) correlate with approximately equal (in amplitude) bursts of the

field beyond the magnetosphere. This, conceivably, could be caused by the

drift of Murmansk upon the morning side of the Earth. This example further

emphasizes the importance of the moments of commencement of bursts, at least

in magnetic field phenomena.
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In Figure 9, we show two QR of a total of 12 that were isolated and that
cover the majority of absorption bursts that took place in October,1965. On 23
and 24 October, the QR bursts are superimposed upon lengthy and small anomalous
absorption. An extensive QR, covering small anomélous absorptions, was
isolated on 17 ~ 18 October. These absorptions are associated with VHF bursts
and their natural causes will be discussed.below. A similar QR had a TI of
approximately 144 minutes. With a rapid recording, and under the condition that
separate disturbances do not cause an absorption-like effect on the rheometric
recording, we can isolate QR of small absorption bursts with short intervals

— i.e., on the order of an hour, as for example, took place on 17 - 18

November, 1965 (Figure 10). Figure 11, from [19], shows the absorption traces
in the morning hours in College, based on a number of frequencies and absorption

recordings in adjacent areas; there appear QR with TI of several hours.

Notably, x-ray radiation in the stratosphere, caused by electron
intrusion, is frequently associated with anomalous absorption in the auroral
zone. Figure 12 (from [20]) shows the QR of x-ray microbursts with energies of

the order of 2100 keV.

The Quasirhythmoids of Bursts of the Very High Frequency Field

Some studies [21 ~ 26] report irregular bursts of the VHF field, registered
by radar and rheometric observations during geomagnetic storms, anomalous
absorption of Es’ and diffusion in the F region at high latitudes. In [16],
the relationship between the bursts of the VHF and VLFE is emphasized. It
is pointed out that they arrive from northern directions, and have a noise-
like nature and a wide range. Even though some investigators who used rheo-
metric traces and radar interpret such VHF field bursts as actual disturbances,
no particular attention was paid to them otherwise. Some authors discuss
possible forms of long-range propagation of disturbances (atmospheric, 173
industrial as well as signals of VSW and SW radiostations), emphasizing

the role of auroral ionization, of ES scattering in the propagation, gnd of the
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distortion of the signals. On the other hand, the natural mechanisms of
excitation are also mentioned: e.g., Cherenkov excitation [21}, synchrotronic
excitation [22, 23], plasma emissions [21, 24, 25], as well as emission by
electrons that are ejected from molecules [26]. It is pointed out that

it is possible to transform the frequency of an SW radiostation due to the
rapid variation of the ionization density [27]. We should also keep in mind
the scattering by meteorite traces, or the reflection from them, whereby

the latter may be also elongated along the force lines of the magnetic field,

[28 - 30].

It was suggested in [31], that VHF bursts, observed rheometrically during
radio-synchrotron anomalies and during geomagnetic storms with a sudden
commencement,may well be a consequence of the '"porosity" of the absorbing
region, or they may be bursts of solar radio emission. The first assumption
appears somewhat artificial; the second assumption is not unfeasible during
the day 1in years of maximﬁm solar activity, and during the night when
VSW(v 50MHz) changes to high latitudes as a result of the reflection from
the F2 layer. As to.minimum years, it is difficult to visualize the reception
of solar radio-emissions at a frequency of 32 MHz at nighttime. At low
latitudes, VHF bursts after a nuclear explosion are quantitatively interpreted

as a synchronous emission of captured electrons [32, 33].

At high latitudes, [23], the required electron stream with energies over
500 keV with an energy power spectrum index of £2, (yielding a burst of UHF
at a frequency of 30 MHz, which is 0.4 dB higher than cosmic noise),
has been estimated at 2.5 x 107 cm_z-sec—l [23]. In the magnetosphere, a
stream of such electrons was registered on the force line L & 6 at 5 x lO5 cm—2
'sec.-.1 [34]. It is assumed that for special perturbations, the fast electron
stream can reach the required magnitude. It is a typical feature of synchro-
tron emission that it propagates within a narrow cone; the axis of the cone
coincides with the direction of the electron velocity and is almost normal

with respect to the magnetic force line.
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Figure 9. Quasirhythmoids of auroral absorptions of cosmic noise
on arheometric trace on 23 and 18 October, and the QR's of VHF
bursts (32 MHz, 16 October). Notations same as in Figure 1.

-] (2 :22 |2 o

! | | ! :

| ! | | i

[ | i | |

i | i i

I : l 505 | 705 [ {

! 4§ 52 | a4, y

|

i ' Mw"l‘ww AAT
MW -
N I i

Figure 10. Quasirhythmoids of auroral absorptions, recorded on
17 November 1965 with intervals of approximately 50 to 70
minutes. Notations same as in Figure 1.
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Obviously, without detailed studies

of the burst intensity of the VHF field

173

the directions of their arrival, their

distribution in terms of frequency

and amplitude, as well as their relation-
ship to other phenomena, the problem

of the exciter of UHF field bursts can-

not be resolved.
)'. A"‘ '-\j_—‘\__ 7\‘—*%\/_-‘%/—\/’

The rheometer antenna at the

\
)m~:r"-7h‘“”“*’ﬁ""'ﬁ’“k;/n-_-uwThJM' Loparskaya Station (a four-element

- wave channel) was beamed at the North
' ’ ’ , %/ ’ " Star; this does not preclude
- reception from other directiomns.

Typical specimens of UHF field

M P % ly 7 bursts are shown in Figure 13. Bursts

d ' were observed that range from several
Figure 11. Quasirhythmoids of auroral
absorptions and VHF field bursts in
conjugate areas {19]. Time: (LMT form a close group ("forest" of
150° W). M - Makuori Island; K -
Kotzebue; ¢ - College ; F - Fort Yukon:

seconds and more, which frequently

bursts), or else solid excesses of

the apparent cosmic noise (or "inter-
‘}qN4N“g:iw,,yVVN\“;#un.mhﬁﬁﬂv\mww ferences") lasting several hours. 174
! ‘ | Most frequently, bursts appear prior
_}h”fﬁVVNA‘““*:iquNﬁﬂmﬂﬂiiwvhi\n to and after anomalous absorption.
| ! Short bursts in the maximum of

anomalous absorption are rare.
| .
! Longer lasting excesses of the VHF

31 | 31
kh WA ‘.fLV”W~"J“AJ\““h field on a background of considerable
|
| —
Isec

anomalous absorption do take place;

8 I however, they are interpreted as a
l 28 | 2

I |
I Isec absorption. Figure 13 shows traces for

rapid reduction of the cosmic noise

Figure 12. Quasirhythmoids of a group April and June 1965, when remote
of x-ray bursts in the stratosphere

for energies E > 100 kev [20]. passages of SW - VSW were
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Figure 13. Typical bursts of the VHF field (32 Miz) on a rheometric
trace. Notations same as in Figure 1.

observed at the Kola Penninsula at a frequency of approximately 30 MHz, due

to reflection from summer-type Es at subpolar latitudes. The typical phenomen:
involving the VHF fields are observed at any time of the year or of the day;
this suggests reasons other than ES for solar radio emission at subpolar
latitudes. The almost simultaneous appearance of short (v 1 min.) bursts of
the VHF fields at Cape Chelyuskin and at Dixon Island (the distance between
the two points being ~ 750 km) on 26 September 1963 was noted in [35].

Figure 11 shows bursts of the VHF field in the decay of anomalous

absorption (after 2h LMI, 150° W) in adjacent areas.
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Figure 14. A VHFF QR (32 Miz) with intervals from several
minutes to approximately 50 to 70 minutes, recorded in
September 1965. Notations same as in Figure 1.
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The relationship between bursts of the VHF field at a frequency of 28 MHz
and VLFE at a frequency of 8 KHz was reported in [16]. We also pointed out a
number of instances when, increasing with the beginning of anomalous absorp-
tion, the activity of VLFE at a frequency of 725 KHz continued after the
absorption maximum. It decreased with the bursts (18 June and 27 October 1965,
etc.). A long QR of VHF field bursts on 16 and 18 October 1965 is shown in
Figure 9; the TI were close to those of the absorption. Figure 14 shows
shorter QR of the VHF field. On 7 September, the first closed group of
bursts is a short QR with TI of the order of several minutes. Figure 11
shows QR of VHF emission bursts, recorded on Makuori Island; they are identical
to the QR of absorption in terms of the duration of their TI; ‘however, (. the
first 154 minutes), they began earlier. Thus we see that the relationship
between bursts of the VHF field with anomalous absorption and VLFE in time
affords the possibility of isolating QR with TI of similar orders of magnitude.
All told , this indicates that the principal share of the analyzed bursts of
the VHF field is not due to local disturbances or meteoric ionization, but
is related to the activity of charged particle streams at high latitudes,

where QR are frequently isolated.

If we were to assume that bursts of the VHF field are actually bursts of
solar radio emission, it would be difficult to explain the mechanism of their
relationship with VLFE and the relationship of QR of the VHF field with QR of
the auroral absorption. Notably, the occurrence of an electron outburst at /75
the moment of the arrival of the radio frequency radiation of chromospheric
bursts was predicted in [36]. The question also arises regarding the probability
of QR of the solar radio frequency radiation. Traces of the latter were not

examined; however, a QR was discovered [37] (see Figure 15).

Thus, in the five analyzed types of phenomena which are typical for the
activity of charged particle streams in MHD waves or sporadic ionization above
the observation area at high latitudes, there are frequent QR of significant

bursts of characteristic magnitudes. Quantitative estimates of the probability
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of their occurrence and the feasibility of using these phenomena for short-
range forecasting requires additional statistical analyses, with a consideration

of the magnetic and solar activity.

In the interpretation of the physical meaning of these phenomena, two
approaches are feasible:

1) The significant probability of QR observation is a statistical
consequence of the TI distribution among homogenous events; this distribution
is caused by general physical conditions of random mechanisms;

2) A QR reflects the structure that is typical for a single mechanism

which appears at random, but frequently.

If we accept the second interpretation, we could assume, as in [38], that
moving in the magnetosphere, captured and drifting about the Earth,is a
quasistable multitude ("'cloud") of geoactive corpuscles. This "cloud",
passing over the observation area, causes bursts of QR of these phenomena.
Obviously, this problem should be resolved in the framework of the dynamics
of space-time distribution of different phenomena at high latitudes. It is
necessary to consider the numerous effects of periodicity of associated

geophysical phenomena [39], as well as the presently existing interpretation.

The strong probability of occurrence of QR indicates that the TI distri-
bution has more probable or, in other words, modal values of the TI. It could
be expected that with two modal intervals, or two peaks in the energy spectrum,
the intensity of the phenomenon, the ratio of the frequencies or periods,
corresponding to the neighboring peaks of the energy spectrum, will lie between
1.38 - 1.74. Actually, quasiperiods obtained by harmonic analysis of the
activity of ES in [40] are 162 hours 102 minutes. The quasiperiods of polar
aurora [41]; 6, 9, 14 (weakly pronounced), 22, 36, 54, and 90 minutes. The
quasiperiods of minimums in the spectrum of Earth currents [42]: 15.5; 9.25;
6.0; 3.63; 2.60 minutes. The strongest eigen vibrations of the Earth [43, 44]
have the following periods: 53.5; 35.6; 25.8; and 16.1 minutes, and 43.6;
28.2; 21.6 and 15.4 minutes. The frequency of the peaks of the energy spectrum
of the electromagnetic field in the "Earth-Ionosphere" cavity [45]: 0.8; 1.3;
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Figure 15. A QR of solar radio frequency radiation,
recorded on 3 September 1960 [37]. Lines of equal
intensity are shown.

1.8 Hz. It appears that QR can be characteristic for the magnetosphere, as well
as for the atmosphere of the Earth itself; they can be interpreted as spherical
oscillating systems. It follows from [46] that the simplest types of standing
waves in the spherical cavity have frequencies of the first three harmonics

such that about 2/3 of the ratios of the second to the first and third to the
second are within 1.38 - 1.75. It is difficult to judge whether this is

also true for the hydromagnetic oscillations of the entire magnetosphere and

its individual cavities [47].

Using very general considerations, it appears that an identical relation-
ship between the modal frequencies in the energy spectrum can also occur
during the excitation of parametric oscillations, if the parameter that de-
termines the frequency of the system's eigen vibrations is modeled with a
frequency that is smaller than the eigen vibration frequency by approximately
a factor of 1.5. Then both the parametric eigen vibrations and vibrations with

a pumping frequency can be excited. Apparently the superposition of several

mechanisms in one phenomenon cannot be ruled out.
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THE ENERGY BALANCE OF A MAGNETIC STORM

B. Ye. Bryunelli, M. I. Pudovkin

ABSTRACT. The paper analyses the total energy and its dis-
sipation rate at different stages of development (DCF, DR and DP)
of the magnetic storm. Evaluations are made of the energy expend-
iture of the solar corpuscular stream, associated with the forma-
tion of current systems in the magnetosphere of the Earth and
beyond it.

A geomagnetic storm occurs as a result of the interaction between solar 179
corpuscular streams and the magnetosphere of the Earth. The mechanism of this
interaction is known only in very general terms. Thus, it is of interest to
examine the energy balance of a magnetic storm; this permits us, without
going into the details of any specific mechanism, to develop an estimate of

its probability.

A storm is created by current systems which occur beyond, as well as
within,the Earth. Chapman [1] pointed out that when the screening effect
of the conductive layers of the Earth is taken into account, the energy of a
magnetic storm appears to be equal to the energy of the corresponding current
systems. The component, corresponding to the interaction energy of the
current systems with the main field of the Earth,is not included in the
expression for the total energy. Further, it was demonstrated [2], that the
effect of the Earth's conductivity upon the energy losses by the corpuscular
stream and upon the generation of a magnetic storm is insignficant. Thus,
variations of the magnetic moment of the Earth can be neglected in calculating

the energy of the stream. Actually, a magnetic storm can be modelled by a
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system of three interacting contours: the first corresponds to the main field
of the Earth, the second represents the extra ionospheric current system of
the storm, and the third corresponds to currents inducted in the Earth,
which screen its interior layers from the effects of the external magnetic

field. The energy of such a system is

1 2 1 1
Wn= E‘Luh + 'Z—Lzzlg + 5 Lol 4 Lyo Ty I3+ Lyg Iy I 5 + Lyglols. (1)
For the case of nonconductive Earth I3 = 0 , the magnetic energy of the
entire system is
1 |
Wn= 'Z—Lu[% ‘t“z“Lzzlg'lr Ly 141, (1a)

i.e., it contains the component LlZIlIZ’ which corresponds to the interaction
energy between the current system of the storm and the main field of the

Earth.

However, as pointed out in [2], with a constant magnetic moment of the
Earth, the magnetic interaction energy win = leIll2 is generated not due
to the energy of the flux, but due to the sources of the main field of the
Earth. Actually, with an arbitrary shift of the contour L2 and with a variation
of the force of the current I2 in this contour, the sources which maintain

the current in the first contour perform the work

0P = — 116 (Ian)

and when I1 = constant,

0P = — 8 (Lialily) = 8V

Thus, when the conductivity of the Earth is zero, and the magnetic moment of /80

the Earth during the storm is retained, then the mutual energy of interaction
W.n =1L I I is entirely produced by the sources of the main field. The

127172
energy of the corpuscular stream is only consumed for the generation of self-
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induction energy

1
l,l/m == ? [17_21;, (2)

This is a consequence of the commonly known fact that the constant
(in time) magnetic field does not perform any work; hence, the kinetic energy

of contour L2 can only be converted into its own energy of self-induction.

If, on the other hand, the conductivity of the interior layers of the
Earth is sufficiently high, then the magnetic flux through contours L1 and L3
does not change during the storm, i.e., L1212 + Ll313 = 0. The sources of the
main field do not perform any work. The magnetic energy of the system

W= 5 Eult + 5 Lol + 5 Ll 4+ LTl (1b)
as pointed out by Chapman [1], does not contain the term that corresponds

to the interaction energy between the system of the storm's currents and the

main geomagnetic field.

Obviously, in the calculation of the energy losses of the stream, the
mutual energylL,,/,/, = (M . AIl) should not be taken into account, regardless

of the conductivity of the Earth.

The emergence of three extra terms in expression (lb), as compared to
(2), reflects the fact that, with a high conductivity of the Earth, the energy
of the corpuscular stream is consumed for generating currents, beyond as
well as within the Earth. However, quantitatively this variation of energy
Wm is rather insignificant. In fact, as pointed out in [1, 2], the energy of
self-induction of currents, flowing on the surface of a sphere, is proportional
to the square of the radius of this sphere. Since the radius of the sphere
upon which the currents 13 are flowing does not exceed the radius of the
Earth (r3== 0.8 RE), and the radius of the sphere r, upon which DR and DCF
currents are flowing is of the order 3RE and 6RE, respectively, it follows that

L. I3)L33J5>10 . The interaction energy of current systems I, and Ig equals
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Lyl l,= —2L,05 [2], Thus, it also does not exceed the energy of self-

induction of current system 12 by the factor of 0.2.

Accordingly, in estimating energy losses of the stream, the energy of
currents inducted in the Earth may be disregarded, and the magnetic moment
of the Earth may be considered constant. In this instance, it is easy to
demonstrate that the self-induction energy of the extra ionospheric current
ring is connected by a simple relationship to its interaction energy with the
main magnetic field of the Earth. Indeed, if the approaching contour is
regarded as superconductive, then the magnetic flux through the surface that is

bounded by the contour must remain constant, i.e.,
Looly + Lyol, = 9. (3)

The magnetic energy generated at the end of the motion due to the corpuscular

stream is

1 1
W :7L221§=—§‘L12]112- (4)

. &

With respect to the Earth, this means that the energy of the initial phase

of the storm is

VVl — _._%. (‘T])BAﬁ\e)y (5)

where AH, is the field increase in the initial phase which is attributable to /81

external causes only.

Assuming that the observed field is larger than the external field by
the factor of 1.5, we get

Wy = o+ MpAH ~2.5-10°AHTY, (6)
where AH is the observed increase.
Energy of 2 x 1022 erg corresponds to a storm with a gain of 70y.

120

e At S EREET



In the main phase of the storm, the energy of the stream is consumed for
the generation of magnetic energy of the current system, and for an increase
of the kinetic energy of the captured particles. The energy of a current
system, as indicated before, amounts to the self-induction energy of a

system, for which an estimate has already been made [1l, 2]:

W ~ L% (AR, 7

R
decrease during the main phase of the storm.

wherer, is the radius of the current ring and AHe is the magnitude of field

In [2], the increment of the kinetic energy was computed; it was pointed
out that the field of a current which is static equilibrium with the captured

plasma, i.e., satisfying condition
J—
%[ixH] = —grad p, (8)

creates a field that is proportional to the total energy of the particles.
If the current is in a dipole field with moment M, then the disturbance AH2,
created by it, relates to the total energy of the particles as

wo — %MAHz, (9)

provided that the pressure included in (8) is isotropic, The presence of
anisotropy can be taken into account by the introduction of a correction
factor; for experimentally obtained distributions [3], its magnitude will not

differ greatly from unity.

The requirement that the energy density of the captured particles be less

than the energy density of the main magnetic field of the Earth imposes restric-

tions upon possible values of radius L2 [4]. 1In view of this restriction, Wél)
is always smaller than Wéz), and the latter can be used as the estimated
energy of the main phase. Interpreting AH, as the observed field, we
rewrite (9) similarly to (6)
1
W, = 5 Mg AHy=~2.5-10%AH,y. (10)
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Thus, we find that an energy of 4 x 1022erg corresponds to a storm with an

observed drop of the field of 150y during the main phase.

Apart from the absolute magnitude of the energy of a magnetic storm,
the rate of its variation is also of distinct interest because it is this
magnitude which is determined directly by the parameters of the solar

corpuscular stream and by the effectiveness of the mechanism involving the

energy transfer from the stream to the magnetosphere.

As far as the first phase of a magnetic storm is concerned, it follows

from the above calculations that

Wl _ 2,5-1022 — 2’5.1020 erg/sec’

where At = 100 sec is the duration of the growth of the field during sudden

commencement of the storm.

The magnitude thus obtained coincides with the findings reported in
[5] indicating that the growth rate of magnetic energy during the initial
phase of the storm is rather high. 1In terms of order of magnitude, it is
comparable to the total energy flux carried by the corpuscular stream to the
boundary of the magneto;phere ( Pejux 5x 1020 - 1021erg/sec, according
to [6]). The latter indicates that the effectiveness of the mechanism which
converts the kinetic energy of the translational motion of the corpuscular
stream into magnetic energy must be rather high. This is in full agreement

with the generally accepted model of the initial phase of the storm.

The estimation of the rate of energy input into the magnetosphere of the

Earth during the main phase of the storm is somewhat more complex, because

this phase is associated with the formation of electrical currents in radiation

belts, where different dissipative processes can take place. The decay of the

ring current and the dissipation of the accumulated energy during storms of

moderate intensity take place relatively slowly, i.e., over several days. During

intense storms, on account of the aforementioned approach of the current to the
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Earth, the decay takes place faster, and the field, as a rule, grows within
five to ten hours. The activity during the storm changes rather rapidly as

is evidenced from the graphs of Aﬁ for some storms, cited in [7]. If we assume
that rapid variations of Ap correspond to equally rapid variations of the energy
flux, then the course of the flux during the storm can be approximated by a
rectangular impulse, includéd at the beginning of the field drop and
eliminated upon reaching the minimum. The dissipation time can thus be
estimated from the field reduction paftérn. Based on the regeneration of the
field, one can estimate the dissipation time. Using the field diagram cited’
in [8] for the storm of 13 September 1957, the curve can be defined as

exp (~t/T), where v = 10 hours. The rate of energy loss for a storm with a

decrease of 150Y will be

Wy Wa_
T -

18
o~ 10 erg/sec

and will exponentially decrease with time. During the growth phase, provided

it lasts the same ten hours, the rate of energy input must be twice as large,
18 :

i.e., of the order of 2 x 10 erg/sec; with shorter growth periods, it will

have to be accordingly higher.

It is pointed out in [8] that, empirically, it is not feasible to isolate
field variations caused by a change of the energy input from variations proper
which are determined by the dissipation time. For this reason, one could
justifiably assume the existence of small values of dissipation time. It is
further pointed out that when a very small time T (for example, 0.5 hour)
is assumed, this brings about a drastic increase in the estimates of the flux
(by one order of magnitude). While this is correct, however, empirical
findings and examples cited in [8] do not justify the assumptions of small T,
The assumption' that the regeneration rate of H is determined by the process
itself leads, as was pointed out, to an estimate of t = 10 hours, and to
estimates of the dissipation rate as cited above.

In [1], a value of W, = 109erg was derived for the energy of a polar

3
magnetic disturbance. This is considerably lower than Wl and WZ’ and for
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this reason, polar disturbance was excluded from further analysis. However,
a polar disturbance associated with a current in the ionosphere causes high

energy losses.

The current density in the zone is of the order of 1000 amp/km. This current
is generated by the electric field in the meridional direction; its magnitude can
be estimated from the velocity of motion of heterogeneities in aurora,
registered by radar and optical methods. If these movements are determined by
the electric drift, then E = vH/c. Observed velocities of 0.5 = 1 km/sec [9]
correspond to fields of the order of 25 - 50 watt/km. These values of the
field and of the current are in agreement with the total Hall conductivity [10]

obtained by direct calculation. /83

Hall's current is not accompanied by heat emission. However, the existence
of conductivity and of Hall current is impossible without the simultaneous
existence of Pedersen conductivity and current along the electric field. In
the region where the frequency of electron collisions is low the relation
between Pederson and Hall conductivity is

Z =5 (11
where Wy is the gyrofrequency of ions. Auroral ionization, and the current
stream created by it, occur within a relatively narrow height interval (100-
120 km). Near the upper edge of this region is the boundary between regions
of short and long ionic mean free paths. Inasmuch as the distance between
the center of the current and this boundary does not exceed the height of the
homogenous atmosphere, the ratio (11) apparently is smaller than two
(a value of 1.5 was reported for this ratio in [10]). It follows that,
simultaneously with the Hall current, there must exist a direct curreant

with a strength that is smaller than that of the Hall current only by the

factor of 1.5 - 2. The existence of a direct current leads to a release
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of heat. The power lost per 1 kmZ can be estimated as
;W . 2
W' = ;:-}E ~ 2,540 watt/km",

The area covered by the disturbance can be estimated by an arc 5,000 km
long and 500 km wide [11]. The total energy loss in an arc of a polar aurora

should amount to

5@§A,6.10" erg/sec.

.dt

While energy losses must also exist beyond the boundaries of this aré,
and the suggested mechanism is not unique,even though the most significant
[12], this estimate may be increased to 1018 erg/sec. It should be pointed out
that the values used in the computation are not limiting values. Larger
values of current density (corresponding to disturbances exceeding 600y), as
well as larger values of the electric field leading to high rates of drift,
were observed. Studies [12, 13] cite movements with a velocity of 3 to Skm/sec

rather than the accepted velocity of 0.7 km/sec. Hence the aforementioned estim -

ate may be increased by several orders of magnitude, and it may amount to several

units of 1018erg/sec.

The dissipation rate of Joule heat in the ionosphere is close to the
dissipation rate of energy in the magnetosphere. It should, however, be kept
in mind that the currents responsible for the main phase of the storm flow
in the region with L ~ 3 whereas auroral disturbances are associated with
processes in the region L~ 5 - 6. 1In both instances, the energy is derived
from different magnetic shells; this suggests that the obtained coincidence of
the estimates is a random occurrence. Apparently, a polar storm requires its

own sources of energy in order to sustain itself.

The results of the analysis of the energy balance of a magnetic storm are
summarized in the table which gives the total energy, the rate of arrival,

and the energy dissipation rate at different stages of development.
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Phase

Initial

Main

Polar storm

126

W, erg

2.5.10%2

41022

l019

P, erg/sec

P, dissipation
erg/sec

1018

a - 5) 1018
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QUIET SOLAR DAY VARIATIONS OF THE GEOMAGNETIC
FIELD DURING THE IGY

IV. VARIATIONS AT HIGH LATITUDES
A. N. Zaytsev, and Ya. I. Fel'dshteyn

ABSTRACT. The paper discusses the variations of the magnetic
field at high latitudes on exceptionally magneto-quiet days
of the winter season of the IGY. The form and the amplitude of

variations indicate a close relation between Sg of high latitudes
and S variations in middle and low latitudes (Figures 1 and 2).
The magnitude and direction of the variation vector Sz + DP

are calculated for five international magneto-quiet days of the
summer season of the IGY for the observatories of the American
and Europe - Asia longitude sectors (Figure 5a, b). The mag-

nitude of the excluded component of the variation field Sq was

determined in deviations from the midnight values of the field
which physically is better proved than in the commonly applied
methods when the deviations are determined by the average diurnal
values.

Figure 7 presents the current system SZ for the five inter-

national magneto-quiet days of the IGY summer season in the north-
ern hemisphere. The current lines are drawn through 10 thousand

ampere. The sP variation is caused by a vortex with the focus

on & v 80° and on the 15h meridian. The direction of the current
is counterclockwise. The Sg system corresponds to the closed
circulation of matter on tlie boundary of the magnetosphere‘around
a neutral line. The statistical current system Sz is confirmed

by the distribution of the variation field at separate hours
of Universal Time (Figure 8).

Research conducted in recent years has shown that even in exceptionally 185
cuiet periods when the daily sum of ZKP planetary indexes is only several
uni“s, there are observed on the polar cap disturbances of the Earths magnetic

field which have an irregular character in time [1 - 3]. The magnetic field at
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latitudes 65 - 67° does not experience notable changes at that time. The
complexity of completely isolating disturbances in circumpolar regions and

the sparseness of data have prevented an accurate determination of the morphology
of phenomena or an explanation of their connection with the well-researched

SD and Sq fields. Moreover, according to the method accepted in the literature
for studying disturbed fields, disturbances in circumpolar regions are in-

cluded in SD if SD: is calculated as the deviations of the field on disturbed

days from its magnitudes on quiet days.

Data from IPY II (conducted during the minimum of the solar activity cycle)
were analyzed in [4] to determine if Sq exists at high latitudes. The analysis
showed that the principal part of the variation field at high-latitude stations
on days when ¥K_ < 2 is a simple continuation of the S_ field from low and
middle latitudes (Sg). Irregular disturbances decreased in amplitude with

the decrease of ZKP, and on exceptionally quiet days their contribution to
the variation field was small.

Observations at high latitudes during the IGY madeit possible to dis-
tinguish a supplementary component SZ from the variation fields at high latitudes
on international magneto—quiet days [5,6]. The quantity Sg is clearly
observed on the magnetograms of individual observatories during thie summer
in daylight hours (even on extremely magneto-quiet days). As five international
magneto—quiet days a month during the maximum solar activity cycle are not
free from bay disturbances DP, which are most intensive in the early morning
hours at 65 - 67° latitudes, changes of the magnetic field at high latitudes fox

five magneto-quiet days can be given in the form

S =518+ DP. (1)

Detailed research of Sz was completed using data from thirteen high-
latitude observatories in the northern hemisphere and seven in the southern [6].
The daily mean value for five international quiet days for each season individ-
ually was taken as a standard of magnitude readings for the variation

field. Equivalent current systems for summer and winter, which are responsible /86
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for the observed space-time distribution of the variation field, are cited in
[6]. The current systems in the northern and southern polar caps are completely
alike. The exclusion of S0 was accomplished by grabhic deduction from the
total current system of part of the field, due to the flow of Sq currents

from middle latitudes to high latitudes.

The SO field was calculated for five magneto-quiet days by calculating
the daily mean value of the field for stations with geographical latitudes
from 55°N to 55°S and extrapolating it to high latitudes on the basis of
data from a spherical analysis of Sq. In [7, 8] it was mentioned that the
amplitude and form of Sq—variations at middle and low latitudes during the IGY
are not determined simply by geographical latitude. Therefore, extrapolation
to high latitudes on the basis of spherical analysis data, which was conducted
with the variables '"geographical latitude-local time," is hardly valid. The

DP field was not eliminated, as it was assumed that it is small on magneto-

quiet days.

The resulting sP current system [6] for local summer is characterized by
two vortexes, similar and of approxzimately equal intensity, with no condensation
of current lines, which are symmetrical relative to the pole and limited by a
circle of latitude 65°. The circumpolar region within the limits of & > 80°
is covered by a uniform current layer with an overall intensity of 150,000 amps,
flowing from the nighttime side of the Earth to the daytime, parallel to the
23- and 1ll-hour meridians. Foci of both vortexes are at ¢ + 78° on the 6~ and
18-hour meridians. The current system during local winter is similar to
summer, but its intensity is three times less. Having compared the current
system obtained by a statistical method and the specific disturbance of 12h uT,
24 May 1958 [9], we see an agreement between the average current system by
field distribution in an individual case. However, current directions on the

polar cap are somewhat varied. A physical intepretation of these results is

given in a diagram of magnetospheric circulation [10].

The characteristics of geomagnetic variations for five international

quiet days during the IGY -were also studied in [11] in terms of the deviations
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from daily mean values. To explain the differences between S variations in
winter and summer, it is assumed that some kind of supplementagy mechanism
causes symstematic changes in the Earth's magnetic field in polar regions,

in addition to the continuous mechanism. This supplementary mechanism generates
a zonal current system which becomes stronger during the daylight hours in
circumpolar regions [12] and which flows from west to east. When the intensity
and location of current vortexes is similar [6, 9, 11], the current system [11]
for summer is significantly different from [6, 9]:* vortexes on the periphery
are characterized by a condensing of current lines at 64 - 68° latitudes in

the post-midnight hours and at 69 - 73° in the post-noon hours. Evidently

this is caused by a more complete utilization of observational materials
(sixteen observatories compared with seven in [6]), and by the possiblity of
more detailed calculation of DP disturbances. These attain greatest intensity
at & v 64 — 68° in post-midnight hours and undoubtedly appear in the five
international quiet days. Thus, the assumption about the lack of DP

during the international magneto-quiet days, which lies at the basis of the
isolation of the Sg field in [5 - 6], is not corroborated.

During research of S_-variations at high latitudes durirg the IGY [13, 14],

it becomes evident that thz field distribution observed in local summer cannot

be explained by a current system connected only by electrojet streams. On the
polar cap in the summer there is a supplementary disturbance field where Sz could
have a somewhat different intensity compared with the SZ of quiet days. This
stimulated the investigation of magnetic field variations at high latitudes /87
and on magneto-quiet days. Besides this, their characteristics on very quiet
days in the circumpolar region are of general interest, as Sz—variations can
theoretically be used to study the circulation of matter in remote parts of

the magnetosphere. The determination of the variation field from the daily

mean values is physically not sufficiently wvalid [7, 15]. Therefore, it is
possible that the sP current system changes essentially, if the

reading is taken from nighttime levels [7, 15, 16] and not as is done in

[5, 6, 11]. Besides, field variations of the DP type were not excluded in

*Translator's note: There is an apparent omission in Russian text.
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[5, 6]. Therefore, the Sg current system obtained in these works is, in fact,

the sum of Sz + DP.

A direct survey of magnetograms on exceptionally quiet days of summer
on the polar cap showed that changes of the field can be divided into two
types, according to their nature: smooth Sg variations with a period of solar
days [4], which is no doubt a continuation at high latitudes of the middle-
and low-latitude part of the Sq current system, and quite irregular Sg changes
which reach a maximum amplitude in the hours around noon. Moreover, even in
such exceptionally magneto-quiet days brief bay-type disturbances are observed
which are connected with:the oval current zone (polar electro-current) and the

maximum intensity at early morning hours.

In winter, as is seen from the magnetograms, on quiet days sP does not
contribute greatly to the change of the magnetic field, as it depegds essentially
on the season. Therefore, choosing exceptionally quiet days in the winter months,
it can be assumed that changes of the field after the elimination of brief
bay disturbances will be basically determined by Sg , which is a continuation
of the middle and low latitude Sq current system at high latitudes. Certain
variations in X-, Y-, Z-components of the geomagnetic field must be observed
at high latitudes; their amplitude must decrease as the pole is approached.

This decrease is connected with the fact that in the winter in the circum-
polar regions the ionosphere at the E-layer level has no illumination from
solar rays all day long; and consequently, there are no variations which are

caused by a change of illumination of the E-layer during a 24-hour period.

To isolate S0 at high latitudes, it is necessary to use exceptionally
quiet periods to decrease the influence of brief disturbances as much as
possible, During the IGY, magnetic disturbances at high latitudes were almost
continuously obsServed, and such quiet intervals were an infrequent occurrence.
During the period November 1957 - February 1958 and November - December 1958,
the days of November 30 and December 1, 1958, were an exceptionally magneto-

- quiet interval. Their daily sum of Kp—indexes was_3+ and 4+.
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Figure 1. Variations in local time of the X-, Y-, Z- components
of the geomagnetic field at high altitude stations for the
period November 30 - December 1, 1958. Stations are arranged
in decreasing order of geographical latitude.

In Figure 1 the daily changes (according to local time) of X-, Y-, and
Z-components of the variation field are shown for these two days. Brief

disturbances observed at individual stations are excluded. The scale, which
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is the same for all three elements, is given in the lower left hand corner.

The stations are arranged in decreasing order of geographical latitude. At

¢ v 80° regular changes of the magnetic field of the Sq middle-latitude type

in X- and Y-components are absent, and the magnitude of the variations is

small. At ¢ ~ 70 - 73°, P-type variations are observed in X- and Y-components ,
these variations are typical for middle-latitude stations located near the pole
from the focal point of the Sq—current system. Maximum deviations of X from night-
time values are observed in the hours around noon. In the pre-moon hours the
northern component increases, andit decreases in the post-noon hours. Thus, the /88
character of magnetic field variations in exceptionally quiet intervals at high
latitudes to ¢ v 73° is analogous to the middle latitude ones. Nearer to

the pole, systematic variations of the middle latitude Sq type are practically

non-existent.

It should be stressed that a change of the variation form (appearance of
characteristic middle latitude type and the absence of systematic variations
in the circumpolar region) is controlled more by geographical latitude than by
geomagnetic latitude or inclination. This is revealed clearly when data from
eastern and western hemisphere stations are compared, for which there is a maximum
difference between geomagnetic and geographical latitudes is maximum. The Mur- 9
chison-Baker Lake and Cape Chelyuskin-Churchill stations are located at approxim-
ately the same geomagnetic latitudes, but their geographical coordinates differ
by ~ 15 - 19°. At Baker Lake and Churchill, located at lower geographical latit-
udes, quiet solar day variations are observed just as they are at middle latit-

udes. systematic variations are absent at the Murchison and Cape Chelyuskin

station.

The close connection between the field variations at high latitudes on
November 30 - December 1, 1958, and the Sq variations at middle and low latitudes
also results from the wide distribution of AThor —— maximum value of the varia-
tion vector in a horizontal plane, shown in Figure 2. Data for low and middle
latitude stations are taken from [16] and pertain to the winter of 1957 -

1958. As is seen , the amplitude of AThOr decreases monotonically from low

latitudes to high latitudes, and dispersion at high latitudes due to inclination.
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Figure 2. Distribution of the variation vector from values obtained in the
amplitude in a horizontal plane for winter hours around midnight, which

1957 - 1958 at middle and low latitudes of the
northern hemisphere and for November 30 -

December 1, 1958,at high latitudes, geo- naturally, extend also to the
graphic latitude (a) and direction (b).

are physically more valid,

high latitudes. Moreover,
this analysis showed a lack
of type Sg variations in the
circumpolar region in winter,

by more than 10Y .

It is impossible to isolate the summer Sg variation by using the method
utilized for winter. In fact, the quietest intervals in the summer of 1958
were May 23 and May 24 when the daily sum of Kp was 80 and 4+, respectively.
A survey of magnetograms from high latitude observatories for these days showed /90
that in summer as well as in winter there are smooth changes of the Sg field and

sP variations, appear mostly in daylight hours.

If Sg in summer is also an extension to high latitudes of the middle and
low latitude Sq system, then the magnitude of Sg at high latitudes in summer

can be determined from the ratiao

0
qsummer:*Kégwinter, (2)
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where K is the coefficient, allowing for a change of intensity in the Sq current

. sy . 0 . .
system in the transition from winter to summer; Sq win 1S the X5 Y-, Z-variations
at high latitude stations in exceptionally quiet intervals in winter (see

Figure 1).

The coefficient K is determined according to the change of intensity
of the middle latitude current system. In [17, 8] it is shown that in the
transition from winter to summer the intensity of the current system at middle
latitudes increases 1.7 times, according to data from stations in the American
longitudinal sector, and 2.6 times according to data from stations in Europe

and Asia. These values were also taken for the value of K in (2).

S0 variations both in winter and in summer were measured from values of
the field in the hours around midnight in exceptionally magneto-quiet periods:
November 30 ~ December 1 for the winter, and Ma& 23-24 for summer. The
sP contribution to the variation of the field is minimal during these hours,
but using the quietest intervals eliminated a possible contribution from the
DP field. However, the midnight field magnitudes differ somewhat in winter
and in summer. Changes in their level were analyzed for low and middle latitude
stations in [18]. It was shown that the difference in the hours around midnight
of the D~ and Z-components does not change systematically with latitude, but in
the H-component the field is greater in summer than in winter, and IAH]
decreases with a decrease of geographical latitude. In Figure 3,|AH|according
to middle and low latitude observatories from [18] are supplemented by high

latitude stations.

The tendency recorded earlier toward a monotonic increase of IAHI toward
high latitudes is corroborated by supplementary data. The regular change of
|AH| connects it with changes of the solar illumination of the E-layer of the
ionosphere. This is especially significant on the polar cap, as illumination
in winter is absent for the whole day, but whereas in summer there
is illumination all day long. Such an interpretation of the change in the
level of the field in the hours around midnight attributes them to seasonal

. 0 .
variations in the intensity of the Sq current system from winter to summer.
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In Figure 4, vector diagrams of

ol . daily variations are shown in a horizontal
} " .o 1 .- plane for the Thule, Resolute Bay, Godhavm,
{ . i . Churchill, and College stations for five
o o international quiet days during the period
K jz:.. '.: . of May~August, 1958. Sg variations
% Lt calculated for the summer by the above-
| awr °» mentioned method are excluded. The letter
i 20{ :. N indicates the direction toward the point
mE at wyhich the line of force comes from
7 ﬁ ﬁf’@ W0 ﬁ7¢%7 infinity [19, 20]. At the circumpolar

stations of Thule and Resolute Béy, the
Figure 3. Variation with geo-

. : iati t wi d
graphic latitude of the dif- variation vector rotates clockwise, and its
ference between the horizontal magnitude exceeds 100 vy at individual times.
component in quiet periods at i .
hours around midnight in summer In the Godhavn observatory, its magnitude /91
and winter. is somewhat less but rotation changes

during the day. ¥From 22 to 11h UT it is

clockwise; the remainder of the day, it is
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Figure 4. Vector diagrams of daily variations in a horizontal

plane at observatories at Thule, Resolute Bay, Godhavn, Churchill and
College. UT time.

7
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countérclockwise. Variations of X- and Y-components are approximately the same
at all three observatories. Changes of the field at the Churchill station

are due to a basicvariation of X-components which are greatest in the evening
and are directed toward the pole at these hours. The direction of vector
rotation is primarily counterclockwise. At the College station, located at
latitude 64.9°, variations of the X- and Y-components of the field are
insignificant. In the morning hours, primarily negative changes of the X-

components are observed.

Such vector diagrams were calculated for seventeen high latitude stations
in the northern hemisphere. Differing only in details from those presented
in Figure 4, they basically remain the same,particularly regarding changes in form
and intensity of variations with latitude. It can be concluded from an analysis
of data from all seventeen observatories that AThor for five international
quiet days is most intense in circumpolar regions, and decreases with increas-
ing distance from the pole. It must be noted that the values of ATy e calculated

according to formula (1) represent the sum of Sg and the DP fields.

In plotting the space-time distribution of the variation vector components
in horizontal and vertical planes in polar coordinates (corrected geomagnetic
latitude -- time of the eccentric dipole) using observational materials from
all stations, some difference between variations was revealed in observations
from American and Eurasian longitudinal sectors. This difference consisted of
a shift of approximately 2 "hours" in the variation phase of post-noon hours at
¢ & 70° and a different variation vector in the morning hours at ¢ ~ 65°.
Therefore, the space-time distribution of the wvariation vector was studied

separately for each sector, but the circumpolar station at Thule was included

in both sectors.

The distribution of vectors for the American sector is given in Figure 5a, /92

and for the Eurasian sector in Figure 5b. The direction of the variation

vector in the horizontal plane is shown by arrows. The length of the arrow

corresponds to the magnitude of AThor’ without separating the field of external
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Figure 5. Space-time
distribution of wvector
variation SE + DP for
five international magneto-

quiet days of summer of
IGY.

(a) American sector (observ-

atories at Thule, Resolute
Bay, Godhavn, Baker Lake
Churchill, College, Minuka)};

(b) Eurasian sector (observ-

atories at Thule, Murchi-
son, Cape Chelyuskin,
Dixon, Tiksi Bay,
Sodankylya, Welland).

The arrows characterize
magnitude and direction

of the AThoy vector.
Figures at the base give
magnitude of AZ. System
of coordinates — corrected
geomagnetic latitude and
corrected geomagnetic time
according to [19,20].
Scale is given in the
upper leithand corner.
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and internal sources. The numbers at the base of the arrow give the value of
AZ at the corresponding hour of local geomagnetic time, taking account of the
sign for the vertical component change. Negative values correspond to the AZ
vector, directed toward the zenith. The direction and value of AThor and AZ
indicate the presence of an intense closed current (in terms of ionospheric
current systems) at latitudes 70 ~ 90° in daytime post-noon hours, and of

a current with a westerly direction along the oval zone of the aurora polaris,

which is most intense in the post-midnight hours at ¢ ~ 65°.

The existence of AThor direqted toward the equator in the morning hours
at ¢ ~ 65° indicates the.presence of DP-disturbances in field variations during

the five international quiet days. The most important characteristic of these
disturbances is the westerly-directedelectrocurrent at all longitudes within

the oval zone of the aurora polaris [13, 14, 21]. The difference of AThor in

the two longitudinal sectors in the post-midnight hours at & ~ 65° is evidently
caused by a different level of planetary magnetic disturbance when the observ- /93
atories in the American and Eurasian longitudinal sectors reach the post-

midnight side of the Earth. In fact, calculations have shown that the sum of
a_-indexes for twenty international magneto-quiet days during the summer at

21 - 24h UT is 134, but at 6 - 9h it is 85. The approximate method described

in [22] was used to calculate the intensity of the current system which is
responsible for the observed distribution of the variation field on the surface

of the Earth. In visual form, this current system gives a generalized

schematic representation of the value and direction of the variation vector.

The exterior source current system for the American longitudinal sector
for quiet days in summer is given in Figure 6. The current system consists
of two vortexes on the night/morning and afternoon/evening sides of the Earth.
The American longitudinal sector was selected because the DP field on quiet
days during the IGY was considerably smaller at the American stations than
at the Eurasian stations. Therefore, with the subsequent elimination of the
DP part from the Sz + DP resulting current system, the error in the Sg current
system will be smaller for the American sector than for the Eurasian. The

current vortex which results from negative changes of AThor at latitudes 65°
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2 in the morning hours is a consequence of
the small intensity of the DP-disturbances.
These occurred during the IGY even on
international magneto-quiet days. The
current vortex in circumpolar regions is

\ strictly an Sg—variation of the magnetic

\ field, which reaches considerable inten-

f"sity even on quiet days in summer. The

condensation of the current lines in |94
(==

Figure 6 corresponds to the greatest

values of AThor and to the sign change

of AZ. Due to Sg—vafiations, the
focal point of the current vortex is
located at ¢ ~ 80° on the 15-hour

meridian for the American longitudinal

Figure 6. Current system, giving a sector and on the 17-hour meridian for
schematic representation of the mag- .
. P . or mie & the Eurasian longitudinal sector.
nitude and direction of variation

vector S + DP on the Earth's
surface on-flve international . Assuming that the electrocurrent
magneto-quiet days of the summer

of the IGY for the American longi- of the DP current system is located
tudinal sector.

The current lines are drawn
through 10,000A. Arrows in- polaris in both summer and winter,
dicate current direction. The
portion of currents indicated

in the Earth is taken into parts (Figure 6) which correspond to sP
account.

along the oval zone of the aurora
the current system was separated into

and DP. Radar observations of reflec-
tions from regions of unusual ionization,

corresponding with optically observed aurora , showed that the oval zone of the
aurora actually is the same in summer as in winter [23, 24] and its position

experiences analogous daily variatioms.

The Sg current system is represented in Figure 7. The sP system,
according to our data, is essentially different from the one obtained in {5, 61,
and in no event can it be explained by the system of convective movements

in the magnetosphere proposed by V. I. Oxford and K. O. Heinz. The system of
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D
Current system S, for
five international magnetoquiet days

Figure 7.

of the summer during the IGY. Current
lines pass through 10,000 A. Arrows
show the direction of the current.

Rather it is formed by a hypothetical zonal system of currents.

currents corresponds more to a
closed circulation, analogous to
the movement of matter on the edge
of the magnetosphere around a
neutral point [25]. The location
of the neutral point at ¢ ~ 80° is
explained by the corresponding
relationship of static and dynamic

pressure in the solar plasma [26].

The study [11] gives the field
vector distribution at high latitudes
of the southern hemisphere at
lh6m UT on the magneto-quiet day
December 12, 1958, during a
chromosphere flare. It is noted
that the variation distribution of
the magnetic field at the moment
is connected neither with the middle
latitude nor with the high latitude
well-known current systems which
are responsible for S_-variations.

q
According to

Figure 7, by comparing the vector distribution [11l] of the Sz current system,

it is possible to detect a remote analogy between them, despite a cardinal

difference.

Considering the results of [11, 12], it can be assumed that the

geomagnetic effect of a solar chromosphere flare at high latitudes consists

of a brief intensification of Sz (in the same way as occurs from S

latitudes).

at middle

However, the zonal current system according to [11l] differs from

that presented in Figure 7, both in direction and in location of the currents.

The average Sg current system (see Figure 7) is verified also by the

distribution of the variation field at individual hours of exceptionally
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magneto—-quiet days. The distribution of AThOr and AZ for May 24, 1958, at

11 - 12h UT is presented in Figure 8, according to data from seventeen
magnetic observatories. At all stations, with the exception of the Churchill
observatory during these hours, field variations are determined by typical
brief bay disturbances. From the data cited, it follows that the direction
and magnitude of AThOr and AZ can be explained by the existence of one current

vortex in the circumpolar region on the post-noon/evening side of the Earth.

328

== In its general features, it

8 corresponds with the S0
® . %

)<§g&, J current system represented

P :
in Figure 7. It can be /96

Y 7

(/ ot ° concluded from a survey of

8 3 magnetograms from high lat-

itude observatories for

W May 23 - 24, 1958, that

o8 50 20 70
the Sg—field experiences
appreciable irregular
variations in intensity from

.,7 <3
J ‘L\y hour to hour and from day
ooty

{ J to day. The variability of
4
%

p
(oA

; X

S 1 &2 >

< o sg, both in form and in

intensity, shows a possible

148 connection with solar

Figure 8. Distribution of variation
vector of ATy, and AZ for May 24, 1958,
at 11 - 12h UT, The direction toward entry of wind particles
the Sun is marked by the black circle.
The dotted line shows the approximate
location of maximum intensity of in the vicinity of the neu-
currents responsible for the observed
field distribution. Arrows and figures
at their bases denote the same as in
Figure 5.

wind and with the direct

in the circumpolar region

tral line.
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GEOMAGNETIC DISTURBANCES AT HIGH LATITUDES — JUNE 1965

I. A.Kuz'min, L. L. Lazumin, G. A. Loginov, M.I.

?udovkin, A. I. Charakhch'yan, T. N. Charakhch'yan

ABSTRACT. The paper presents results of the electron
currents, precipitating into the lower ionosphere, which are
registered by the decelerating x-ray emission with counters
on balloons, and of their relations with geomagnetic dis-
turbances and rheometric absorption. The paper discusses the
spatial connection of the region of electron precipitation

with the electric currents in the ionosphere and with the region
of anomalous absorption.

The paper shows two types of electron
precipitation, associated with quiet and active forms of
aurora.

Recently completed studies of geomagnetic disturbances in the auroral zone

have determined quite a close connection between polar aurora, absorption of

cosmic radio noise, magnetic bay disturbances, micropulsation of the magnetic

field, and penetration into the atmosphere of electron streams.

were recorded by Bremsstahlung at sounding-balloon altitudes.

These streams

We can assume

that, at least for nighttime disturbances, electron streams cause ionization in

the upper atmosphere.

which is recorded by the absorption of cosmic radio noise on a rheometer.

Ionization also

creates the conditions which produce currents responsible for

magnetic bay disturbances.

In a series of articles, a statistical analysis was conducted to show the

connection between certain phenomena, for example, between magnetic bays and

absorption [1 -

146

6], polar aurora and absorption [7 - 10], pulsation in the -

This, in turn, influences the transmission of radio waves,
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magnetic field and in the polar aurora [11 - 12], etec. A smaller portion of
the work studies individual specific disturbances from a group of different
observations. Such study is especially important for its examination of large
geomagnetic storms, which are usually excluded from statistical analysis be-

cause of their complexity [13].

In this article an attempt at such complex research has been made
according to observations of the magnetic storm of June 15 - 18, 1965. This

magnetic storm was one of the strongest of the whole IQSY period. This period

was chosen because several successful radiocsonde flights were conducted at that

time at Apatity and Olyenya. Instruments were at a considerable altitude
during substantial disturbances. Magnetograms from the Loparskaya station,
data from rheometers operating at a frequency of 32 mc. in Apatity and
Leparskaya, and records of micropulsations of Earth currents at the Lovozero
station were used for the analysis. Observational data from various phases of

the storm are cited in Figure 1-7 (universal time).

Sonde Observations. The magnetic storm began on June 15 about 11h. That
¢ay, in the evening, absorption appeared on the rheometers which had the form
of four regular bays. There was increased amplitude and a recurrence period
of about one hour. The radiosonde launched at Apatity at the beginning of
absorption, was at a high altitude during the interval between the two bays
of absorption and no excessive radiation was recorded. The next instrument
was launched in five rubber coatings and hovered at an altitude of more than
3C km (for four hours). 1In Figure 1b, the time pattern of the number of dis-
charges in a single Geiger counter and the atmospheric pressure during the

filight are presented.

During the flight the neutron monitor at the Apatity station registered
a considerable lowering of cosmic ray intensity (Forbush effect), connected
h h
with the beginning of the magnetic storm. If we assume that at 23 - 23 40m,

when absorption was minimal on the rheometer, the radiosonde registered the

intensity of galactic cosmic rays with no x-rays, then the intensity decrease /102
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Figure 1. Geomagnetic disturbances /100

the night of June 15 - 16, 1965.

a.

Micropulsations at the Lovozero
Station; the black triangles indi-
cate Piz + Pcl bursts, the lines

indicate P.1; dotted line is

used where the amplitude (M) can-
not be measured in the tracing
because of overlapping of
notation;

P is the atmospheric pressure

in g/cm~2 and N is the number of
discharges in an STS-6 counter per
minute during the flight of the
radiosonde at Apatity;

Absorption of cosmic radio noise
in decibels, measured by a
rheometer at a frequency of 32 mc
at Apatity;

The same as above, at the Loparskaya
Stationg

Ratio of absorption magnitudes at
Apatity and Loparskaya;

Location of the current causing
magnetic disturbances; above the
line — north of Loparskaya
Station; below - souths;.

The H-component of the magnetic
field at the Loparskaya Station.
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of the cosmic rays in the stratos-
g Y phere was 40% in comparison with
i

the normal background. It must

N’min—-P,g/cmz Olyenya-single be po%nted out, however, t?a? for
so0 L 0 counter , ,mu . technical reasons the possibility
2000 & 100 of such a sharp decrease cannot be
2000 - ZZ completely eliminated. Even though
Jpoot- 10 the Forbush effect had a smaller
Mr“ A 1 '1":14 ! ! L i amplitude, the abrupt jump in the

Loparskaya-magnetic field

recording at 21h23m at an altitude
of 80 g/cm_2 is connected with the
appearance of a supplementary flow
of photons. This is verified by

the rapid increase of cosmic noise

A,dB ab tion beginning at th
’ 6% Apatity~rheometer sorption ginning ©
same time,
)
4
2 The next powerful burst of
2 absorption was accompanied by )
17 x-rays at an altitude of 10.5 g/ca
A.dB o b L while the instrument was hovering.
'3 Loparskaya-rheometer The peak of burst at 1h2m coin-
4
; cided on the rheometer and in the
. stratosphere within 1 - 2
! minutes. The supplementary flux

Figure 2.

of

; had a magnitude of 2 - 3 cm_z-sec~1.

i~ t N ! 1 1 {
9 . 2. 2 23 0 I 2 J 4 UuT

Geomagnetic disturbances the night
16-17 June. In the diagram

In converting the given photon

flux into electron flux on the

of the radiosonde flight, the normal rate edge of the atmosphere, we

of the counter at a given altitude is in-

obtained (1 - 1.5) x 10’ cm_z-sec_l

dicated by a dotted line. The remaining .

notation is the same as in Figure 1.

During the night of June 16 - 17
the flight over the Olyenya Station

again registered a photon flux during high absorption and a negative magnetic

bay.

The time pattern

of this flight and charts of the rheometers, the
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H-component of the magnetic field and micropulsations are noted in Figure

2. This flight is interesting because during the first maximum peak of
absorption in the stratosphere, at an altitude of 50 - 30 g/cm—2 no x-rays
were recorded. The instrument only began to register it at a level of

18 g/cm'z. If it is assumed that during this period the electron flux spectrum
did not change very drastically, the upper limits of photon energy can be

determined (and, consequently, the electron generations).

In the next (morning) flight from Olyenya (Figure 3), x-ray radiation
appeared at an altitude of 8.5 g/cm_z, but at a level of 20-12 g/cm—2 it was
not observed, although absorption on the rheometer at Apatity was more than
2 dB. Evidently, toward morning the electron flux spectrum became weaker. The
time pattern of the x-ray radiation in this flight also correlates very well
with the absorption pattern. The intensity decrease at 9h43m agrees with the

absorption decrease at Apatity with an accuracy allowed by the recording.

The time of the sonde flight matched the zero point of magnetic field
variations at Loparskaya. Nevertheless, a noticeable negative peak is
observed in the recording of the H-component of the magnetic field at the /103

moment when the absorption bay begins.

Rheometer Observations. One characteristic of the June disturbances is

a significant quantity of sharp bursts of absorption of a very large magnitude.
Definite conclusions about the dynamics of incoming electron fluxes can be

reached from studying these bursts.

In Figure 4, we see data from various recording instruments during the
large negative bay (above 500y in the H-component) on the night of June 17 - 18:
the time patterns of micropulsations, absorption of rheometers at Apatity and
Loparskaya, the ratio of rheometer readings AAp/ALop’ the location of fluxes
responsible for magnetic disturbances north and south of Loparskaya, and

finally, the H-component of the magnetic field at Loparskaya.
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Figure 3. Geomagnetic disturbances

during the day June 17, 1965.

Notation, the same as in Figure 1.

The antennae of both rheometers
are directed at Polaris and have similar
directional diagrams. The instruments
are identical, and the data were pro-
cessed by the same method. Therefore,
the comparative magnitudes of absorption
on the rheometers indicate that the
basic ionization region (and, conse-
quently, the maximum of the incoming
electron flux) is closer to one of the
stations. The time pattern of the ratio
of the instrument readings can serve as
an indication of the movement of the
electron precipitation region. On the
other hand, we can track the movements of
the ionization region by the position
of the system of currents causing
magnetic disturbances, which is determined
by the ordinary method using three
components of the magnetic field. By
comparing these data, the following
characteristics of the movement of
incoming currents and their time

aspects can be distinguished.

1. As soon as the ratio of rheometer
readings (AAp/ALop) becomes greater
than unity, i.e., the region of absorp-

tion shifts toward Apatity, the current

system also shifts south, although most of the time the ionization region is

found to the north.

2. The typical time of these movements is ten minutes; the movement is

comparatively smooth.

s
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3. The drift south of the current system is observed principally during
intensification of the electron flux (increase of absorption). It is like a
supplementary flux, entering farther south, being superimposed on the total
electron flux which is produced all during this period. The ionization caused
by this flux also forces the current system to be shifted south. When the sup-
plementary flux stops, the center of gravity of the currents is again shifted

to the north.

4. It can be noted that in the current shift from north to south the.
peak of the supplementary absorption burst begins several minutes earlier at
the Loparskaya station than at Apatity. Vice versa, in the return movement
of the current from south to north, the peak of the burst begins earlier

at Apatity.

5. The forms of absorption bursts at Apatity and Loparskaya do not agree
in detail. The same can be said about their amplitude, which as a rule was
greater at Apatity than at Loparskaya during short bursts. Usually, the
shorter the bursts, the greater the difference. Consequently, locations of

surges are mutually connected in time and space.

It is evident from Figure 4 that absorption occurs simultaneously with

a negative magnetic bay. As a rule, the same thing is also observed in other
nighttime and evening disturbance periods [1-6]. There are also exceptions.
One of them is shown in Figure 1. Here absorption at 20 - 21h June 15 is
accompanied both by a negative bay and movement of the precipitation region

to the north. But absorption, with a peak at 1h2m June 16,began at the time
when the negative bay had already developed, so that during peak absorption
(and penetration of particles according to stratospheric data) the magnetic /105
bay had already ended. It is interesting to note that in this case also a
"shift of the current systems to the south did not occur, if two momentary
surges at the beginning and at the end of absorption are not considered. Thus,
the magnetic bay and the currents it caused were connected with penetration

of particles in the north. This was also reflected on the rheometers (to a

greater degree on the Loparskaya rheometer), but the powerful burst at 1h

152

,(:T;dg.;ﬂu..:«&bnﬁ

[



caused ionization south of the primary precipitation region and absorption on
the rheometers which was not connected with the formation of an electric
current in the ionosphere. This last circumstance indicates that the region of
increased ionization is either extremely localized or is below the conductive

layer (i.e., below 80 km).

Daytime disturbances. Much research has been devoted to the nature,

morphology and other characteristics of night and morning disturbances which
indicate indisputably that electron fluxes are the cause of these disturbances.
A great deal still remains unclear about daytime disturbances. Distinct types
of disturbances have not been isolated, and even the spectrum of particles
causing them is not known. In particular, in articles [14, 15] it is assumed
that a specific type of positive magnetic bay is connected with proton fluxes

that drift from the nighttime side of the Earth.

In the period we studied, radiosonde flights were made during two-day
positive magnetic bays. In neither case was a supplementary (on the back-
ground of the cosmic rays) radiation recorded. Data from the first flight (June
15), the H~component of the magnetic field, and rheometer readings are given
in Figure 5. The radiosonde reached altitudes of 5 g/cm_2 during the peak of
the bay (its magnitude in the H-component was 230y). 1In the secona flight,
on June 17 (Figure 6),during a bay of 200y the sonde rose to an altitude

of 15 g/cm_z. Rheometer absorption in both cases did not exceed 0.5 dB.

We conclude by the cases cited that if an electron flux was the agent
causing the magnetic disturbances, then the spectrum of this flux must be
soft (electron flux with energy of 20 keV not more than 106cm-2-sec_l). Or
it might actually be protons which the radiosonde is not able to record.

In both cases, the agent responsible for these positive bays must have a
qualitatively different nature from the night and morning fluxes. On the
other hand, ordinary electron disturbances are nevertheless observed in day-
time and early evening hours. This is known from direct observations on

sondes [16 -~ 18]. It should therefore be assumed that two disturbance
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Figure 4. Geomagnetic disturbances the
night of June 17 -~ 18, 1965. Notations
the same as in Figure 1.
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mechanisms are observed in daytime,
both of which can act either independently
or together

Micropulsations. In comparing the

character of micropulsations with the
phenomena in the upper atmosphere of

the Earth (enumerated in this

article), several definite connections
arise which are essential in determin-
ing the nature of micropulsation
mechanisms and geomagnetic disturbances.
In Figure 7, we can see the relation
between cosmic radionoise absorption and
the character of micropulsations during

the storm of June 16, 1965.

A tellurogram analysis shows that
a series of bursts of the fluctuating
PiZ + Pcl type are observed in the late
day and evening hours. In the diagrams
these bursts are marked by a shaded
triangle with no indication of amplitude.
We conclude from the rheometer data
presented here from Apatity and Lopar-
skaya that each such burst is accompan-
ied by a peak of absorption. Deviations
from this synchronism do not exceed
1 - 2 minutes, which is within the
accuracy limits of time determination

in rheometer readings.
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? 3% Loparskaya-rheometer seen from Figure 2 that P 1-
2 type fluctuations develop after

the zero point in the H-

component. It appears that

1

the magnitude of the continual
peak amplitude of these fluc-
tuations changes parallel

with the absorption magnitude

R _1

at both Loparskaya and Apatity

'/ Loparskaya
magnetic field

(see Figure 7). Thus, the
amplitude of micropulsations is
determined not so much by an
100 + increase of the electric field
as by an increase in the

// intensity of the ionizing flux.
|

tions of the intensity of x-ray

. 1 . .
g)/'V\<// 7 3 3 7% 5 % ur In observing irregular pulsa-

. diation i e h
Figure 5. Lack of x-rays in the stratosphere radiation in the stratosphere

June 15, 1965 during a positive magnetic (intervals between bursts of
bay. Notations the same as in Figure 1. 7.8 - 8.8 sec) simultaneously
at Makuori 1Island and at

College [18] , we conclude that fluctuations of the Earth's electromagnetic /107
field with the same Pil period are determined by pulsations within the same

electron stream penetrating the atmosphere. This is also verified by the agree-

ment of the periods and the character of the fluctuations in the Earth's

electromagnetic field and in the intensity of auroral radiation [12].
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Figure 6. Lack of x-rays in the stratos-~

phere June 17, 1965 during a positive
magnetic bay. Notations the same as
in Figure 1.

completely to this class.

also confirms the conclusion that the usual electron flux

night and morning hours is absent here.
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The characteristics exhibited
in the relation of micropulsations
with the magnetic field and absorp-
tion on the evening of June 16
are confirmed by other ion disturb-
ances. In Figure 1-4 we see that an
absorption peak corresponds to
each Pi2 + Pil burst. After the
bursts, Pil—type micropulsations
begin, whose amplitude repeats in
éH and ab-

Unfortunately, in

general the pattern of
sorption.
those cases when the disturbance
reached a great magnitude, the stan-
dard micropulsation reading was too
complex for any accurate detailed

analysis. /108

An analysis of the microstructure
of daytime positive disturbances
revealed a definite class of these
disturbances which are not connected
with any.kind of micropulsations,
showing that during such bays the
rheometer registered very weagk
absorption of cosmic radionoise.

The two cases of positive bay dis-

turbances cited earlier correspond

A lack of any kind of micropulsation at this time

recorded during the
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Figure 7. Micropulsations of the
electromagnetic field and absorption
of cosmic radio noise June 16, 1965.
Notations the same as in Figure 1.

Discussion of Results. A

complete examination, using various
kinds of observations, reveals

several relationships in the com- /109
plex picture of a magnetic storm. -
Two kinds of electron fluxes

can be distinguished. Those of the

first kind last several hours, change
quite smoothly and are observed
principally after midnight; their

center of gravity is located some-

what north of Loparskaya. These
streams are accompanied by Pil—type
micropulsations of the Earth's
electromagnetic field. 1In earlier
hours, in the evening and at

local midnight, fast impulses

(bursts of absorption) are observed,
with the beginning more abrupt than
the beginning of the decline. 1In
character they resemble the F-type
observed by R. Partasarathy and

F. T. Berkey [8]., or the SAI-

type, according to Z. A. Ansari
[10]. Ansari has discovered

that SAL is usually connected with
the disintegration phase of the
aurora polaris and that it has a
limited ionization field (90 km in

latitude and 200 km in longitude).

Our observations supported this, and it can be concluded that such absorp-

tion impulses are observed not only individually, but also in groups during

several hours.

Principally, they originate south of the main precipitation,
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which is usually present during this time. The fast bursts or groups of
bursts in the south can also be accompanied by a drift southward of the current

stream responsible for negative bay magnetic disturbances.

It is important that in several cases the impulse can be so localized and
momentary that the current system does not drift south, i.e., in the precip-
itation of the supplementary electron flux the current system cannot develop.
This can evidently explain the weak connection this type of absorption impulses
(F-type) has with the negative-bursts in the magnetic field(obtained by Part-
asarathy and Berkey [8]). In micropulsations of this kind, the impulses
are accompanied by "flares" (type PiZ + Pcl)' The time characteristics of
these flares and the intensity pattern indicate their connection with the

incoming flux.

The times of day in which the two types of fluxes occur are divided: fast
bursts occupy several hours before midnight, but smoother and wider ones occur
after midnight until morning. Then the latter are also "pulled" into the day-
time side of the Earth. It is true that disturbances of another kind can also
be observed on the daytime side —- positive bays in the H-component of the
magnetic field. These are not connected with ordinary electron precipitation
and are not, therefore, accompanied by x-rays in the stratosphere or by

absorption of cosmic radio noise or micropulsations.
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DYNAMICS OF MAGNETO-IONOSPHERIC DISTURBANCES IN THE POLAR
AURORAL ZONE

G. A, Loginov and M. I. Pudovkin

ABSTRACT. The paper analyses the connection of the
magneto ionospheric disturbances observed in Murmansk in daytime
with the corresponding phenomena in Alaska. It is shown that
the lagging time of disturbances in Murmansk relative to the
disturbances in Alaska is different for absorption bays and
for bays in the geomagnetic field, i.e., the regions of enhanced
ionization and the electric currents in the ionosphere may not
coincide spatially.

In article [1] it was observed that the region of anomalous radio wave /111

absorption at high latitudes sometimes includes a very significant longitude

range. Maximum absorption at stations located at various longitudes is not

reached simultaneously; this difference in time can reach one hour or more.

The authors of [1] explained the observed lag as a shift of the absorption

region along a parallel in a westerly direction primarily. However, as data

from only two stations were used in [1], and these stations were separated

from each other by 160° of geomagnetic longitude, this does not seem to be the

only possible direction of the movement.

A study of polar magnetic disturbances using data from four points located
in the polar auroral zone showed that the maximum of magnetic disturbances
of a specific type was reached at various times [2]. It was also discovered
that the region of maximum 6H moves along the auroral zone from east to west.
According to data in [1], the speed of the western drift is approximately the

same as the speed of the absorption maximum,
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Such coincidence of direction and speed of drift of the region of maximum
SH and §A, together with the close relationship between the ionization region
and electric currents in the ionosphere at night [3 - 5], leads to the- assump-
tion that the correlation in the daytime between geomagnetic bays moving along
the auroral zone and rheometer absorption must be quite high. However, this
assumption has not yet been successfully proven experimentally. In article [1],
only rheometer data were used and in [2] only geomagnetic data. It is therefore
interesting to trace the relationship between the phenomena mentioned, even
though for a small number of individual disturbances. Data of several magneto-
ionospheric disturbances, observed in February - March, 1964, were chosen for
this analysis. There is detailed information about their course from stations
in Alaska [6] and at Murmansk. The geomagnetic coordinates of these stations

are given in the table.

Figure 1 shows the intensity of geomagnetic disturbances &H at College
and Lovozero and the pattern of rheometer absorption 6A at a frequency of about
30 MHz at College and Loparskaya during the storm of February 26, 1964. As /112
the magnitude of rheometer absorption changes very rapidly with the latitude
of the observation point, absorption at the Kotzebue and Apatity stations is
also included in Figure 1. The charts show that in this case the disturbance,

magnetic as well as ionospheric, was observed almost simultaneously at stations

approximately 120° geomagnetic longitude apart. The form of the curves JH and

8§A is basically the same everywhere. Thus, peaks observed at the Murmansk

station can be confidently identified with peaks at the Alaska statioms. For

h
example, it can be assumed that the small positive bays at Lovozero at 11 - 12

and 12 - 13h UT correspond to the intensive negative bays in Alaska with

maxima about 11 and 12h. Although the maxima of §H at Lovozero are expressed
indistinctly so that it is impossible to determine their time delay relative
to corresponding &H peaks at College, a tendency toward a general delay of

bays on the whole at Lovozero is expressed clearly.

During this time there were also two peaks of rheometer absorption at

Loparskaya and Apatity (11 - 12" and 13 - 14730™ UT). These are evidently con-

nected with disturbances in Alaska but are considerably delayed in relation to
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them, It is noteworthy that peaks of absorption at Loparskaya and Apatity are
shifted in time not only in relation to corresponding peaks in Alaska,

but also in relation to maxima of SH at Lovozero. This shift is already
noticeable for a peak of 8A at 11 - 12h and clearly marked for a peak of §A

at 13h - 14h30m. In this last case, the absorption bay begins after the bay
in the magnetic field has ended. h College -magnetic
field -
N
TABLE §
ls
Station ¢, °N A, ° u
. - .1 i 1 1
A,dB——1——
College 64.6 256.5 41 College-rheometer
Kotzebue 63.5 242.4 |
Loparskaya 63.7 126.6 2 A\~
Lovozero 62.8 127.3 A dg - = =
Apatity 63.0 125.4 >l Kotzebue-rheometer
I ]
) o I /\/M
0 . 1 S § Py S | et
<
Lovozero-magnetic field
Figure 2 shows a graph of SH and [§ w-~«¢”"“~*’/\w~_f“mﬁ¢i-:i__~_
8A at the Alaska and Murmansk stations A.dB —_— ! L L — ! L
. .
for February 28, 1964. The amplitude 2 ‘Loparskaya-rheometer
of the magnetic disturbances at Lovo- = : = =
A,dB Apatity-rheometer
zero on that day is small. Their ég:
form differs markedly from the form o 0 2 1% ‘ 5 l 8
ur
of the 8H curve at College . There Figure 1. Intensity of geomagnetic
fore, it is very difficult to identify disturbances and absorption of cos~

the 8H curve at Lovozero with &8H peaks zi: ﬁgizep:§1i§iiiogibiﬁaﬁiazgf i;g4.

at College . The peaks of SA at

Loparskaya and Apatity (in particular, the double peak during the period of

13h20m - l4h30m) have a form which is considerably closer to the form of SA /113
at College . As on February 26, the SA peaks at Loparskaya lag notably in

relation to SA and 6H peaks at College . Also on that day the absorption bays

at Loparskaya did not coincide in time with the geomagnetic bays at Lovozero.

For example, the peak of S8A at 13h25m is accompanied by a very weak positive

bay, and the peak of §A at 1lh50m is not accompanied by any magnetic disturbance.
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Figure 2. Intensity of geomagnetic
disturbances and absorption of
cosmic noise at stations in Alaska
and the Kola Peninsula, February 28,
1964,
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An analogous pattern is also
observed on March 5, 1965, (Figure 3).
An intensive bay in §H and § A on that
day at College at 12 - 13h caused only
a small variation in §H at Murmansk, as
it was not accompanied by a simultaneous
increase of radio wave absorption. But
approximately an hour after the be-
ginning of the disturbance at College ,
a rather intensive bay in §A was ob-
served at Apatity. This 1in turn was
not accompanied by a magnetic distur-

bance.

The examples cited are too few to
indicate some kind of regularity in the
flow of magnetic ionospheric disturbances.
However, these examples (corresponding
to data in [1, 7]) show that absorption
bays, similar to geomagnetic bays, on
the daytime side of the polar auroral
zone can lag signficantly in relation

to phenomena connected with them on the

nighttime side of the zone. But their delay time can differ considerably from

the delay time of corresponding bays in the geomagnetic field. Thus,

electric currents in the ionosphere and in the region of auroral absorption

appear to a large extent to be spatially separated on the daytime side of the

polar auroral zone. Evidently, it is just this circumstance which explains the

fact that the magnitude of the ratio SH/SA in the daytime is equal to 700y dB

at the moment of SH maxima [5] and 60y dB at the moment of §A maxima [8].

The spatial separation of electric currents and regions of increased radio

wave absorption in the ionosphere indicates that their sources move around the

Earth with various speeds or along various paths. From this circumstance, we
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- can assume that on the dayside of the

R[ College-magnetic field
§1 ‘“~’”’““v\»—\\wwdvdv/\J\N/‘ polar auroral zone electric currents in
~ .
L . . : Y . . 1| the ionosphere and regions of increased
A,d%_ Colleges radio wave absorption are caused by
ﬂ: rheometer various sources, evidently by streams
6" s . f A . . . ™~J of corpuscles distinguished by their
A’dE Kotzebue rheometer energy spectrum or even by their nature.
J" N .
NN
a : 1 1 L L . 1 As has already been said, the
Nt : .
S Lovozero magnetic field source of the delayed magnetic bays
moves around the Earth from east to
A,dB l ‘ - ' ' west with a speed about 6 km/sec. It
7 Apatity rheometer
can be assumed from this that the
,...
v source is protons with an energy of
A,d5 p about 150 - 200 keV [2]. As data from
3 Loparskaya rheometer
B only four stations were used in [2],
!
9 ey e s .
4 ) P P — it is impossible to determine accurately
the zone along which the region of
Figure 3. Intensity of geomagnetic maximum S6H moves. It can only be

disturbances and absorption of cos-
mic noise at stations in Alaska and
the Kola Peninsula March 5, 1964, take place along the oval of the polar

assumed that the movement does not

aurora , obtained in [9, 10], as only

negative bays are observed there [11,

12}. 1In this case the question is
positive magnetic disturbances. On the other hand, the ratio &Z/SH < 1 is
characteristic for delayed bays. This shows that the sources of the daytime

delayed bays move approximately along the main auroral zone.

The speed with which the absorption region moves along the auroral
zone can be judged by Figure 1, where obviously a series of §A peaks was
observed on February 26, 1964, both in Loparskaya and in Alaska. Maxima of
SA are observed at Loparskaya at approximately the same time that minimums

of SA are noted at Kotzebue. The alternation of peaks seems so clear and
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regular, it gives the impression that they are always caused by the same source
of ionization passing over the station. This seems to move along the polar
auroral -zone with an almost constant speed of about one revolution every two
hours. Judging by the number of peaks observed, the ionization source com~
pleted no less than three revolutions around the Earth during this disturbance.
Evidently on March 5, 1964, (see Figure 3) the same ionization source, moving
along the auroral zone, successively caused an absorption peak at College

(12 - 13h), then at Apatity (13 - l4h), and in half an hour -- once more

at College. 1In this case the speed of the ionization source was one revolution

every 2.5 hours.

Lack of necessary experimental data makes it impossible as yet to
draw conclusions about the nature of ionizing radiation. The fact that
delayed absorption bays are accompanied by anomalously small magnetic disturb- /115
ances indicates, evidently, that the region of increased ionization is formed
below the current layer, i.e., below 80 km. Consequently, if a stream of
corpuscles is the ionizing agent, these particles can be either protons with an
energy of E>2 MeV [13], or electrons with an energy of E >50 keV [14].
However, precipitation of protons with the indicated energy into the polar
auroral zone is not supported by experimental data. Protons with an energy
of 2 MeV would complete a revolution around the Earth in approximately one
minute [15], so that it would be impossible to notice the delay of absorption
peaks at Murmansk in relation to absorption peaks in Alaska. For electrons
with an energy of 80 keV, revolution around the Earth would take 2.2 hours
[14]. This is quite close to the magnitude obtained. But in this case the
drift of maximum absorption must occur in a west-to-east direction. Unfor-
tunately, lack of data from intermediate stations prevents determining the

direction of this movement.
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LATITUDINAL VARIABILITY OF
IONOSPHERIC PARAMETERS

A. P. Kolobova, B. P. Los'
and Z. Ts. Rapoport

ABSTRACT. The paper analyzes the data of ionospheric
stations in Murmansk, Rugozero and Leningrad for 1962-1963.
The critical frequencies of the regular layers (fOFZ and
fpE) at these stations in the day hours change in accord-
ance with the change of the zenith distance of the Sun and
increase with the decrease of latitude. In the night time
the fpF2 variations are less regular than during the day;
the inhomogeneity of the ionosphere increases and the ioni-
zation changes irregularly in the layer E level (V100 km),
as well as the radiowave absorption. The Eg layer of the
r-type in the auroral zone is caused by corpuscular radia-
tion. The energy spectrum of particles, causing this layer,
is wide, and as the latitude decreases it becomes narrower.
The number of occurrences of Eg of the f type increases
with the decrease of latitude. During ionospheric magnetic
disturbances phenomena typical for the auroral zone are ob-
served at lower latitudes and shift in the E and F layers
to lower latitudes than in the D layer. The paper discusses
connections between the geomagnetic disturbance and the io-
nospheric variations over Murmansk, Rugozero and Leningrad.

This paper analyzes data from three ionospheric stations: /116
Station %, °N A °E @, °N  Ar°
Leningrad . -+ « 59°57°. 30°42’ 956.3° 116,7°
Rugozero - - - 64°5 32°47"  59.6°  121.4°
Murmansk . .« . 68°57° 33°3°  64.1° 126.5°

The stations are situated on nearby longitudes. Rugozero is near the mid-
point of the orthodrome connecting Murmansk and Leningrad. We can expect that
the material from the observations made at these stations will allow further
clarification of the features of the subpolar ionosphere, and especially the

boundaries of the region where anomalous absorption and other phenomena
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characteristic of the ionosphere at high latitudes occur. It is possible that
their analysis will allow formulation of theories regarding the corpuscular
fluxes that are responsible for anomalous phenomena in the ionosphere at high
latitudes. In contrast to [1-4] we have used data obtained in 1962 and 1963,
when solar activity was lower. The average annual relative number of sunspots

was 46.3 in 1962 and 34.3 in 1963.

A correct analysis of the data from different ionospheric stations can be
performed only by taking the technical characteristics of the installations into

account. A number of ionospheric parameters (for example, f diffusivity,

min?
fES — types of 1 and f) depend on the resolving power of the ionospheric sta-
tion, which, in turn, depends upon the transmitter power, the antenna efficien-
cy, the sensitivity of the receiver, etc. It would be desirable if all the sta-
tions in the world network had identical technical characteristics and were
stable in their operation. This is not the case in reality, and it must be

taken into account in an analysis.

In our case, too, the technical characteristics of the stations were dif-
ferent. A type Sp-3 station, built in the German Democratic Republic, was ope-
rated in Leningrad . Its frequency range was 0.5-20 Miz, and the pulse length
was about 100 usec; the peak power in the given frequency range (for the antenna
equivalent) was approximately 15 to 20 kW, the sounding frequency was 30 sec_l,
and the scanning time of the station frequency range was 30 sec. Rhombic an-

tennas suspended at a height of 38 m were used; the length of the side of the

large rhomb was 62 m, that of the small, 34 m.

A modernized station built by the "Cossor'" firm was used at Rugozero. Its
frequency range was 1-18 MHz, the pulse length was 60 usec, and the pulse re-
petition frequency was 50 sec™l. The pulse power varied from 2-5 kW. The scan-
ning time of the frequency range was about 15 sec. Rhombic antennas were used,
suspended on a 27-meter central mast and l5-meter side masts; the distance be-

tween the side masts was about 100 m.

A station built at the Leningrad Electrotechnical Institute of Communica-

tions imeni Prof. M.A. Bonch-Bruyevich [5] was used at Murmansk. Its frequency
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range was about 1-20 MHz, the pulse length was about 100 usec, the pulse repe-
tition frequency was 50 sec”l, the pulse power was 0.5-5 kW, and the scanning
time for the frequency range was approximately 30 sec. A rhombic antenna was
used, suspended on a 26-meter mast; the side of the large rhomb was about 34 m,
and the small — about 23 m. The receiver of the Leningrad station was much

more sensitive than the receivers at Rugozero and Murmansk.

From these data we can conclude that the ionospheric station at Leningrad
had a significantly greater resolving power than the stations at Rugozero and
Murmansk (the difference between the latter is slight). This is immaterial in
comparing the variability of critical frequencies and heights of regular layers,
but the technical capabilities of the stations must be kept in mind when consi-

dering the frequency of occurrences of several types of E; (1,f), anomalous ab-

sorption, or diffusivity.

Let us consider the variability of the parameters of the F2 layer. Figure
1 shows the change in the fyF2 medians at Murmansk, Rugozero, and Leningrad in
the course of 24 hours for various seasons in 1963. It is apparent from the
curves that the nature of the changes in the fpF2 medians is similar, but that
the absolute median values are also very close at the equinox and in summer.
In summer, during the hours preceding midnight, the £oF2 at Leningrad is greater
than at Murmansk, while the reverse is true after midnight. The £oF2 maximum
is observed at Leningrad at about Zlh. The reason for this maximum is not clear,
but the increase in f3F2 at Murmansk after midnight can probably be explained
by the conditions of illumination of the F2 layer. There is a polar day there
in June. Rugozero occupies an intermediate position nearly everywhere. 1In
December, the quantitative differences in fOFZ at the three stations are much
greater than in winter and at the equinox. There is a clearly pronounced maxi-
mum at noon at all three stations, although it is polar night at Murmansk at
this time, and the solar radiation passes through the denser layers of the at-
mosphere before it reaches the F2 layer. During the daylight hours (8h—l7h)
the fOFZ at Leningrad is higher than at Rugozero, and higher in the latter loca-
tion than at Murmansk. At 18h—24h the f0F2 at Murmansk is higher (and at
Leningrad lower) than in Rugozero. After midnight, the f0F2 at Leningrad and
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Figure 1. Diurnal variation
fnF2 during various seasons
in 1963 (according to
monthly medians).

Time: LMT (30°E)

1. Murmansk; 2. Rugozero;
3. Leningrad.

Murmansk differ only slightly, but they are

lower at Leningrad until 7h.

Obviously the solar wave radiation is de-
cisive for the fF2 at all seasons during day-
light hours. The corpuscular factor is appa-
rent during the hours of darkness. It does not
appear as regularly as the effect of the wave
radiation, but it seems to us that it is the
sole explanation for the increase in foF2 dur-

ing the night with increasing latitude.

Figure 2 shows the diurnal variation of
the height of the maximum electron density of
the F2 layer, assuming a pérabolic distribu-
tion of this density with height (hpF2). 1In
March, 1963, the hpF2 was definitely lower at
Rugozero during the daylight hours than at
Leningrad and Murmansk. No such regularity
was observed in summer. In many instances,
the hpF2 at Rugozero during the winter nights
exceeded the hpF2 at Leningrad and Murmansk.

However, the major portions of the curves are

not marked by any regularity, and it is difficult to confirm any uniformity for

the hpF2 curve.

Figure 3 shows the diurnal variation of the frequency of occurrence of

diffuse reflections in the F2 layer.

There is no doubt that the technical ca-

pacities of the ionospheric stations exert an influence on the numerical values

of P(F).

ever.

The nature of the diurnal variation of P(F) is also significant, how-

It is apparent from the graph that the diurnal variation is clearly evi-

dent in summer (May-July) and at the equinox (February-April), with a maximum

occurring during the hours near midnight.

of occurrence of diffusivity is greatest at Murmansk.
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Figure 2. Diurnal variation of hpF2 Figure 3. Diurnal variation of fre-

during various seasons in 1963 quency of occurrence of diffusi-~
(according to monthly medians). vity P(F) in the F2 region at
Time: LMT (30°E). Notation the various seasons. Time: LMT (30°E).
same as in Figure 1. Notation the same as in Figure 1.

the P(F) at Murmansk is higher during daylight hours than in Rugozero; it is
approximately the same at Murmansk and Rugozero at night. At Leningrad, the
P(F) exceeds 80% during the night and falls sharply (to about 20%) in the day.
The diffusivity of the pulses reflected from the ionosphere is explained by the

inhomogeneity of the ionosphere at this time. Inhomogeneity increases during
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the dark hours of the day and toward higher latitudes; it is therefore natural
to relate it to the influx of corpuscular radiation, as well as to processes
in the jionosphere itself. The sharp drop in diffusivity during the daylight
hours can be explained by the influence of solar wave radiation that smooths
out the inhomogeneities and leads to formation of an ionosphere that is more
homogeneous in the horizontal direction.

Figure 4 shows the median values of f (a) and fpE(b) for March, June, and

min
December, 1963. The influence of the height of the sun above the horizon is ob-
vious in the case of foE. The curves indicate an increase in this parameter
with decreasing latitude, and this is especially notable in the evening and
morning hours in summer (in June) and in the hours near noon in winter (in De-
cember). The effect of corpuscular radiation on fOE is also not excluded at
the high zenith distances of the sun in June. The seasonal variations are quite
pronounced: while the E layer was detected at all stations in June at all hours
of the day (with the exception of 23h at Leningrad), the time of its occurrence
in December was limited to the hours near noon. Hence, as the latitude in-
creases, the time interval when the E layer is observed grows narrower. The
variability'of the medians for fOE is quite regular in March and June; the
maximum occurs at noon or at sunset and sunrise. In December, however, the di-
urnal variation of f4E is less regular, especially at Murmansk; corpuscular ra-
diation appears when the Sun is low in the sky.

The variability of £ . is less regular during the day than is that of fjE.
This is probably related to some degree to the fact that the resolving power of
the ionospheric stations differs within the limits of the frequency range of
fmin
(and the absorption of radio waves in general) is a characteristic feature of

variation. On the other hand, the irregular variability of £ ; itself

the ionosphere at high latitudes. It is clear from the figure that in March and
June, 1963, the changes in the median fmin at Leningrad and Rugozero were com—
paratively regular and small, with the maximum occurring in the hours around
noon. The changes in the median fmin in December at Rugozero proceed quite
slowly (not changing markedly from one hour to the next); the maximum is ob-

served at noon and during the hours near midnight. The variability of f 4, at
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Leningrad in December, 1963, (with minimum values during the hours near noon and
marked changes during the evening and night hours) is difficult to explain, how-
ever. It may possibly be the result of unstable operation of the instruments,
but we have no data that would support this categorically. The variations of
fnin are most irregular at Murmansk. This is especially noticeable in June and
December. Here the difference between the variabilities of the median fOE and
fmin is greatest; this can be explained by the nature of the spectrum of the

corpuscular radiation that penetrates to the height of the D layer and does not

produce any significant ionization in the regular E layer.

Figure 5 shows the frequency of occurrence of the sporadic Eg layer at dif-
ferent seasons: in winter (November-January), at the equinox (February-April),
and in summer (May-July). The technical capabilities of the ionospheric sta-
tions are reflected in the absolute values of the frequency of occurrence of

P(ES), but the variability of P(ES) during the day is highly characteristic. 1129

At Leningrad, P(ES) is higher in the daylight hours and lower at night at
all seasons of the year. The absolute values of P(Es) during the daylight hours

reach 90 and 100% (they are higher in summer and at the equinox).

The curves of P(ES) at Leningrad and Murmansk in winter and at the equinox
are mirror images of one another. The minimum P(ES) is observed at Murmansk in
the hours near noon, and the maximum occurs near midnight. In summer there are
two maxima: one (smaller) near noon and the other near midnight. The nature
of the diurnal variation of P(Eg) at Rugozero in winter is the same as at Mur-
mansk, but in summer it is the same as at Leningrad. It is interesting to note
that the minimum at 15h occurs simultaneously at all three stations. At the
equinox, however, the diurnal variation of P(Es) at Rugozero differs from that
at Leningrad and at Murmansk; at this time, P(ES) at Rugozero is small in abso-
lute values at all hours of the day and changes slightly from one hour to the
next. The equinox at Rugozero is the time when the nature of the diurnal vari-
ation changes from high-latitudinal (in winter) to middle-latitudinal (in sum-

mer).
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Figure 4. Diurnal variation of f_ i, (a) and f,E (b) at
various seasons in 1963 (according to month?y medians).
Time: LMT (30°E). Notation the same as for Figure 1.

Figure 6 shows the diurnal variation of the frequency of occurrence of Eg
of different types during the same seasons. The total number of cases of occur-
rence on the ionograms of the E; layer is taken as 100%. It is clear that Type
r appears at Leningrad only in isolated instances and only at night. It is en-
countered most often at Murmansk, but the frequency of occurrence of the Type r
ES is significant at Rugozero, especially in winter and at the equinox. The
minimum in the diurnal variation of the frequency of occurrence of the Type r
E; is observed in the hours near noon, while the maximum occurs near midnight.
The graph in Figure 6 emphasizes once again that the Eg,. is a phenomenon char-

acteristic of the auroral zone. At Rugozero the E;, occurs at all seasons, but

r
an ESr layer of this type is practically never observed at Leningrad during
moderate solar activity.
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the next is very great. Moreover,

Types I and f are similar in structure
and the use of one symbol or the other de-
rends on the time of day: the symbol f is
used for the dark part of the day, and 1
for the daylight portion. This is a flat
layer; the limiting frequency of reflection
from it depends on the resolving power of
the ionospheric station. It is evident from
the graph that the frequency of occurrence
of Es (Types 1 and f) during the dark
part of the day is very high (nearly 100%)
and decreases during daylight hours. Tt
is true that a slight maximum is observed in
summer during the hours after noon. In
summer, the diurnal variation of P(Es)f+l
is similar at all three stations., This cannot
be said at other seasons. The maximum
P(Es) in winter at Murmansk is observed

£f+1

at 8h, and the P(ES) values during the

f+7
hours of darkness are definitely smaller
than during the daytime. The diurnal
variation of P(Es)f+1 in winter is similar
at Rugozero and Leningrad, although the
difference between the daytime and night-
time values is not so significant here. At
Murmansk, P(Es)f+1

light hours at the equinox than at night, but

is much greater in the day-

the variability of this value from one hour to

this does not provide a basis for far-reaching

conclusions, since the total number of cases when ES is observed during this time

is relatively small. At Rugozero,

the variability of P(Es)f+l from one hour to

the next is also great, but the frequency of occurrence of the ES of these types

has a minimum in the evening hours and a maximum near midnight.

Evidently, ES (types 1 and f)

can be produced by both wave and corpuscular /122
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Figure 6. Diurnal variation of the frequency of occurrence of the
sporadic E_ layer (Types r, I, £, and ¢) at different seasons.
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radiation from the sun. The diurnal variation of P(E ) changes with latitude:

at the latitude of Leningrad, Es_of these types occur primarily at night. At

the latitude of Rugozero in summer, EsZ and ES are also encountered primarily

at night, but at the equinox and in winter the§ can be encountered with the
same frequency in the day as in the night. At this time, P(ES) varies quite
sharply and irregularly from one hour to the next. At Murmansk, ESZ and Esf
are also encountered primarily at night in summer [the maximum P(Esi) is
observed during the hours near midnight], but the frequency of occurrence of
ES (types 7 and £f) is much hiéher during daylight hours at the equinox and
especially in winter. (It should be emphasized that the general frequency of
occurrence of ES at Murmansk and at Rugozero in winter and at the equinox is

very low; see Figure 5).
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The value P(Esc) is maximum in the day and equal to zero at night. It is

obvious that the occurrence of ES (Type ¢c) is related to the solar wave rad-
iation.

The lack of reflections from the ionosphere on the ionograms ("blackout", B)

is a phenomenon that is typical of the auroral zone. As we can see (Figure 7)

no blackouts were observed in 1962 - 1963 at Leningrad, and they were very

rare at Rugozero. In summer and at the equinox, cases of B at Rugozero were

scattered and occurred only at night. At Murmansk, however, P(B) exceeded

20 and 30% at certain hours. B could be observed at all hours of the day and /123

night, but P(B) was minimal in summer during the afternoon (14 - l9h). The

maximum P(B) was observed near midnight. The reason for the lack of reflections

(auroral absorption) can naturally be found in the penetration of energetic

particles into the lower ionosphere. The southern boundary of the zone of

auroral absorption with moderate solar activity (W= 30 - 50) rarely drops

(at a given longitude) to the south of 64°, and is located to the north of
that latitude in the majority of cases.

Figure 8 shows three examples of ionospheric-magnetic disturbances that
occurred on 5 July, 19 September 1962, and 31 January 1963.
the hourly values for f .

min

The graph shows
and the amplitude of the variations of the
horizontal component of the geomagnetic field R; according to the data of the

variation station at Loparskaya (near Murmansk).

In the first instance (5 July)
RH does not even reach 100 y. At Leningrad, fmi

0 is about 1 MHz during the
entire excited period, and is somewhat higher at Rugozero (a station with a

lower resolving power) but does not exceed 2 MHz.

ionosphere was not disturbed here.

One may conclude that the lower
At Murmansk, however, at the same time

anomalous absorption or a high wvalue of fmin (above 3 MHz) was observed during
most of the period.

On 19 September RH exceeded 100 y for most of the excited period.

It is
interesting that fmin was somewhat higher at Leningrad, while at Rugozero

it was more than 2 MHz and in some cases even reached 3 MHz. At Murmansk there
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were no reflections,and increased values of £

roughly corresponds to the drop in RH at Loparskaya

at Rugozero than at Murmansk from 12P to 14

strong:
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Figure 7. Diurnal variation of
frequency of occurrence of anomalous
absorption [P(B)] at different seasouns.
Time: IMT (30°E). Triangles: data
for Leningrad; Other notation,
same as Figure 1.

nin at Murmansk fell below 3 MHz beginning at 12
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Figure 8. Variation of f;,, during
ionospheric disturbances. R
according to data from the
magnetic variation station of -the
polar Geophysical Institute at

Loparskaya. Notation, same as
Figure 1.

were observed. However, the

This drop in £ _,
min

the magnetic disturbance at Loparskaya was particularly

RH was systematically higher than 100 y and in a number of cases

exceeded 200 and 300 y . No disturbance whatsoever occurred in the lower

ionosphere at Leningrad; fmin was below 1 MHz on almost all days.

At Rugozero

at this time, the lower ionosphere was severelydisturbed, increased f
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values were recorded, and in a number of cases there was anomalous absorption
as well. The value of fmin underwent sharp variations from one hour to the
next, which is also characteristic for a disturbance in the lower ionosphere in
the auroral zone. No reflections were recorded at the ionospheric station at
Murmansk from O to 14h,but from 187 to 240 £ oin fell and did not reach 3 MHz.

From lSh to Zlh,fmin was again higher at Rugozero than at Murmansk.

In this article, we have considered some of the features of the ionosphere
in the sub;auroral zone (Rugozero). They were compared with the ionosphere in
the auroral zone (Murmansk) and at lower latitudes (Leningrad). Note once again
that we are dealing with a period of moderate solar activity: in 1962 - 1963

the average monthly values of W varied from 13.7 to 62.9 [6].

There is scarcely any need for a detailed comparison of the features of
the variability of the ionospheric pérameters at Rugozero and Salekhard, which
were analyzed in [1-4]. These papers dealt with material for years of high
solar activity. The observation points were located at different geographic
and geomagnetic latitudes ( qp = 64° 05'N; ), = +59.6°; ¢, = 66° 32";M.= +49.9°).
In addition, it was quite clear from the data given that many of the regularitieé
that are characteristic of the ionosphere of the subauroral zone during a

period of high solar activity [1-4] also occur during lower activity.

O0f the regular features of ionospheric parameter latitudinal variability
that occur during the period of moderate solar activity, we should like to call
attention to the following. The critical frequencies of the regular layers fOFZ
and F0

zenith distance and having their maximum approximately at noon) and increase

E change regularly during daylight hours (increasing with decreasing

with decreasing latitude. A maximum for fOF2 has also been recorded at noon
at a station in the auroral zone during winter, although the solar wave
radiation passes through the denser layers of the atmosphere befofe it reaches
the F2 layer. The difference between the absolute values of the parameters in

question is greater in winter than at other seasons. The changes in f0F2
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are not as regular at night as in the day, but in the majority of cases fOFZ
increases with increasing latitude. Hence, at the latitudes in question, the

variability of £ F2 is determined mainly by solar wave radiation (the zenith

distance of the 2un) during the day and by corpuscular radiation at night. The
influence of the corpuscular radiation makes itself felt (at all the stations
mentioned) both by a significant increase iq ionospheric inhomogeneities at
night (as revealed by the diffuseness of reflected signals) and in the irregular

variation of the absorption of radio waves in the ionosphere.

The ES layer can be produced by both the and corpuscular radiation
from the sun. The critical factor for the Es (type r) layer in the auroral
zone is the solar corpuscular radiation. This layer occupies a rather extensive
range of altitudes, and it is therefore possible to assume that the spectrum of
the particle flux that produces Esr is quite broad and contains components with
different energies. At the latitude of Leningrad, ESr is encountered only on
isolated occasions. The ES (type f) layer is evidently also produced by
corpuscular radiation. However, the spectrum of the particles that produce the
ESf is very narrow, since this layer occupies a very limited range of heights.
The frequency of occurrence of the ES (type f) layer increases with decreasing /125
latitude. We can conclude that the energy spectrum of the particles of the
corpuscular flux that produce jionization at the level of the E region grows
narrower as the latitude decreases. Therefore, the value of P(Esf) may be affec-
ted by the instrument parameters, and the last reading must be considered as
preliminéry. A layer similar to the EsZ may probably be produced by solar
wave radiation as well . The cause of the appearance of the sporadic Es

layer (type c), as far as we can determine from the available data, is solar

wave radiation.

Anomalous absorption of radio waves in the ionosphere, indicated by an
absence of reflections in the ionograms, is caused by fluxes of particles
penetrating the D region of the ionosphere. This phenomenon is characteristic
of the auroral zone, and rarely appears before the latitude of Rugozero during
moderate solar activity, while it is never encountered at all at the latitude
of Leningrad (once again we shall not be categorical in this regard,'keeping
in mind the differences in the technical characteristics of the ionospheric

stations).
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The energy spectrum of the corpuscular radiation is highly variable with
time, while the spectrum in the auroral zone, as a rule, has a predominance of
components that produce additional ionization in the E and D regions (at
heights of 100 km and below). The energy spectrum of the particle fluxes
that cause anomalous absorption is highly irregular in space (the D region at
lower latitudes is sometimes:subjected to a more intense action of the flux
than at the usual latitudes of the auroral zone). This too, it seems to us,

can be explained by variations in the spectrum of the particle flux.

A shift to lower latitudes of the regions where phenomena typical of the
auroral zone are observed (in particular, the anomalous absorption of radio
waves), i.e., a shift of the southern limit of the auroral zone, is closely
linked to the excitability of the geomagnetic field in the auroral zone. At
an amplitude of the horizontal component RH exceeding 100y , the excitation
in the D region can reach the latitude of Rugozero (the increase in fmin can be
observed at the latitude of Leningrad as well), and at RH greater than 200 -
300 v, it can in all probability, reach still farther south.

Thus, in the case of the longitudinal interval under consideration, dur-
ing moderate solar activity, a tendency toward shifting of the southern bound-
ary of the zone of anomalous absorption during magnetic disturbances has been

confirmed — a tendency which was studied previously.

In talking about the southern boundary of the auroral zone, we shall keep
in mind this limit of anomalous absorption. If we determine the limit of the
auroral zone on the basis of phenomena in the E region (the appearance of the

Esr or ESf layers), we come to the conclusion that it can sometimes shift down

to the latitude of Leningrad or even farther south. On the basis of the F2
region, however, it evidently moves to still lower latitudes. 1If we are

talking about an averaged characteristic, then on the basis of an analysis
of the diurnal variations of fmin’
can come to the conclusion that the southern boundary of the auroral zone

P(B),and P(FS) at different seasons, we

varies with the seasons. It extends farther south in winter than in summer;

it extends farther north in the day than at night. We must also point out

183



that the critical frequencies of the F2 layer in the auroral zone are quite
stable during moderate solar activity. Cases of a significant (above 20%)

deviation of f0F2 from the median values are nearly nonexistent.

We should also point out in this regard the seasonal effect that was
observed in [9]. At the same magnetic storm intensity, the currents of the
zone of luminescence in winter shift toward lower latitudes than in summer,
and this difference increases with an increase in the intensity of the storm.
This is yet another indication of the interaction of phenomena in the auroral
zone. A more detailed study of the variability in time and space of ionospheric
parameters in the auroral and sub-auroral zones, as well as a study of the
relationship of this variability to the geomagnetic excitability, would be of /126

great interest.

The authors express their gratitude to the directors of the Leningrad
Branch of IZMIRAN (The Institute of Terrestrial Magnetism, the Ionosphére,
and Radio Wave Propagation of the USSR Academy of Sciences) for making available
the data from the Leningrad Ionospheric Station (Voyeykovo) and also to G. N.
Shchegol' kova and I. N. Berezin of the Polar Geophysical Imstitute for

their assistance with calculations and formulating the work.
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HIGH ALTITUDE VELOCITY DISTRIBUTION OF IONOSPHERIC
DRIFT AND STRENGTH OF THE ELECTRIC FIELD IN THE F2 LAYER

R. S. Sadobnikova

ABSTRACT. The paper discusses the dependence of the
velocity of ionospheric drifts in the auroral zone on height:
with the increase of height, the drift velocity diminishes.
As the drift in the F2 region is carried out mainly under the
effect of the electrostatic fields perpendicular to the
geomagnetic field, a conclusion is made that the electric
field is formed in the dynamo-region. The paper presents
the evaluations of the strength of the electric field at the
height of 200 km, as well as the sizes of inhomogeneities
causing the creation of the electric field which brings about
the drifts in the F region.

It is universally recognized that, since the F2 layer is a region of /127
mean free paths for both electrons and for ions, the movement of the ionized
gas component 1in F2 takes place essentially under the influence of electro-

static fields perpendicular to the geomagnetic field.

With respect to the origin of the electric field in the ionosphere, there
are two points of view [1]. On the one hand, it is assumed that the electric
field arises as a result of the interaction of the solar wind with the lower
parts of the magnetosphere and is transported to the ionosphere because of
high conductivity along magnetic lines of force. According to the theory of
Martin, it originates in the dynamo region. The neutral gas in the lower part
of the ionosphere moves under the influence of the tidal forces, taking with
it the ionized component. A current is produced which is accompanied by an
electric field at the boundaries of the conductivity inhomogeneities. Reaching

region F, the electric field produces an inhomogeneous drift ("Motor" effect).
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‘The speed of the drift v = cE/H [1, 2]. In this expression, the
geomagnetic field strength may be taken to be constant, since even for strong
disturbances it changes by about 1%. Since the magnetic field changes
with altitude as R—3, where R is the distance from the center of the Earth in
the F layer (200 - 400 km), this change will be about 8%. 1In order to avoid
complicating the problem, we will take H = const. If the altitude distribution
of the drift velocity v in the F region (and possibly in E) is known one
can calculate where the electric field originates —- higher or lower than the

region under consideration.

Based on the drift wvelocity of very small scale inhomogeneities made at
the Polar Geophysical Institute at Loparskaya in 1958 - 1964, graphs were
compiled of the dependence of the drift velocity on the altitude in the F2
layer (Figure 1). As can be seen in the figure, with an increase in height,
the speed, and consequently the electric field, decreases. This fact shows that
at high latitudes, an electric field is produced below the F2 layer, apparently
in the dynamo region (layer E).

In Figure 2, histograms are presented of the distribution of the number of
observations in a day for altitudes <300 and > 300 km. It can be seen that in
the daytime there were more frequent observations of reflections from lower
altitudes and, on the other hand, during the night there were reflections from
> 300 km. Graphs for day and night observations (Figure 3) were compiled
separately, in order to establish whether the altitudinal drift velocity
distribution shown in Figure 1 is a reflection of the altitudinal diurnal
pattern of the reflecting regicn. It may be seen from the graphs that the /128
drift velocity decreases with altitude during both the night and the day.
Therefore, it may be assumed that the dependence v (h) shown in Figure 1
corresponds to an altitudinal drift distribution,and not to a time distribution.
It is even possible that the diurnal pattern of the drift velocity is due to
its altitudinal distribution: during the daytime , observations were performed

at low altitudes, and therefore, the drift velocity is greater in the daytime.
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v, m/sec If the ionosphere conductivity along
20 961 - 1964 the magnetic force lines and perpendicular
to them is known, we may calculate the
electric field strength E as a function of

altitude [4, 5]. Let us assume that an

electric field arises at the boundaries of

200} 1158~ 1060 the inhomogeneities having the form of the

horizontal layer with the width 7 and extended

o} along the parallel. In the region F this

field produces a horizontal electromotive

force equal to E0 at an ‘altitude of 200 km.

Let us investigate the electric linear

200 750 200 350 ST K ke

Figure 1. Dependence of drift diagram (Figure 4). The resistance of

velocity on altitude. sections AOAl’ BOBl""’ AhAh+1’ Ban+l""
equals R. The resistance .of the leakage,

i.e., sections AlBl"'“’ Ath,..., equals r.

The distance AOBO""’ Ath,... equals 1.

Let us introduce the current profiles as shown in Figure 4. The Kirchhoff

equation for the section A.n_lA.n Bn—an will have the form

. . Ry .
In-1. i1 = 2 (1 + ;‘) in.

This linear difference equation of second order has two linearly independent

-on . .
solutions e™ and e , Where g is determined for the equations

a 1 2R 2R
Shfz-—':—z—-l/--r—','r. e. A == e

within an accuracy of small terms of the third order, since the conductivity

along the magnetic force line is greater tham it is perpendicular to it
on

(r=R) . Since the field decreases with altitude, the solution of e

does not satisfy the condition in’ for n— oo.
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‘Figure 4. Altitudinal distribution of the electric
field in the ionosphere .
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We thus have
E, =ri, = Ae™™".

The coefficient A may be determined from the condition that the initial

field equals E0

En|n=0 = Ae‘”‘ ,n=0 .

Since A = EO’ we have
Ep = Foen: @

Let us now turn to the case with continuously distributed leakage. Since
the current flows along the entire thickness 7, R=dz5;/, where 0; is the
conductivity along the magnetic force line. The leakage resisténce r = l/sjdzx,
where %l is the conductivity perpendicular to the magnetic force lines, and @

n = (_:_ Substituting these values in Equation (1), we obtain
x

x o

E=Fe 'V %

If the value of o6,/0; changes with altitude, we may assume

or

U= vyt

The values of Ofland 6 were taken from data in [6].

Figure 5 shows the dependence of 12381/, on altitude. Figure 6 gives

graphs showing the dep.endence of vO/v on altitude for various values of L.
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The crosses plot curves obtained from
ny/v ., experimental data for years of minimum
(1) and maximum (2) solar activity. It
may be seen from graphs that the experi-
mental curves coincide quite well with
the theoretical ones. The electric field
is produced by inhomogeneities which are
several centimeters in size. When the

solar activity increases, the inhomo-

geneities increase in size, since

30 300 350 40Dk, km during years of a maximum the electric

Figure 6. Dependence 1ln v,./v field decreases more slowly with altitude
height for different values L.
Solid line, calculated curve.
Crosses, experimental data. minimum. The electric field calculated

than it does during the years of a

from experimental data was found to be
0.8'10_'4 V/ecm, which closely coincides with results obtained by S. J. Akasofu
and S. Chapman [7]. This value is the same during years of maximum and
minimum solar activity. The fact that the drift velocity in the E layer does not
change with an increase of the K-index of magnetic activity, while it increases
in the F2 layer [8], may be explained by the fact that the dimensions of the
inhomogeneities are greater and the velocity change with altitude is less

during great activity.
CONCLUSIONS

The drift velocity in the F2 layer decreases with increase in altitude -
Consequently, the electric field decreases in an upward direction, i.e.,
it apparently rises in the dynamo region. The inhomogeneities producing
‘it are several kilometers in size. The inhomogeneities increase in size when

the magnetic activity increases.

In conclusion, I would like to thank M. I. Pudovkin for valuable advice

in this work.
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PROBLEMS OF AURORAL ABSORPTION

0. I. Shumilov

ABSTRACT. The paper analyses about 100 bays of auroral
absorption according to the materials of rheometric absorption
from December 1963 till December 1964, obtained at the station
Loparskaya (¢ = 68°37', A = 35°17'). The paper also shows
that the subtypes of auroral absorption recognized earlier
by different authors are connected with each other. The
diurnal pattern of the rate of changes of the ionization
agent intensity is probably responsible for the diurnal
changes of the form in separate cases of auroral absorption.

Studies with the help of noise absorption rheometers of cosmic radio /132
sources in the lower ionosphere were initiated in 1956 [1]. The efforts of
many researchers have made it possible at the present time to distinguish
between four types of anomalous radio wave absorption in the ionosphere [2, 3].
One of these is auroral absorption, which has been given this name due to its
relationships with the visible aurora polaris. This absorption is observed
at latitudes close to the zone of aurora polaris. Its maximum is located
somewhat to the south [4]. Auroral absorption is very irregular, and its
individual peaks are separated by several minutes, although it may continue
for several hours. It changes greatly from month to month along the zone of the
aurora polaris and is related to local magnetic disturbances. The term

"auroral absorption "

is used when anomolous absorption is studied at
latitudes of the aurora polaris zone during the daytime, i.e., when

visual observations of aurora polaris are impossible in general [5].

Many works have been published recently which have attempted to distinguish
between the individual subtypes of auroral absorption. These studies may be
divided into two groups depending on which criterion they use as a basis for

classifying cases of absorption. The first classification group uses the
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different connection between auroral absorption and the accompanying geophysical
phenomena "auroral polaris, local magnetic disturbances" [6 - 8]. The second
group distinguishes between the subtypes of absorption on the basis of external
indices: smooth or sharp increase, large or small extension, monotonic

or pulsing nature [5, 9-11]. For example, three types of auroral absorption
F, S, P, were distinguished in [9]. Type F are absorption bursts reaching a
maximum in several minutes. They are primarily observed at night, and are
related to aurora flares having a radial form. Type S represents the case when
the absorption increases in approximately 30 minutes. They are observed
primarily in the morning hours and are much longer than absorption of type F.
R. R. Brown [11] has called the same phenomenon slow absorption events. Type S
is especially interesting, since there is a maximum in the diurnal absorption

pattern in the morning hours, as Bassler has shown [4].

Type P is pulsing absorption, which is usually superimposed on S-absorp-
tion. Brown [11] also studied it. Figure 1 presents examples of absorption of
type F and S observed on February 13, 1964. The local time (30° E) is
plotted along the abscissa; the absorption in decibels is plotted along the
ordinate axis. As Ansari has shown [5], S—-absorption, observed in the late /133
morning hours (near noon) is much longer than the usual S-events, [9, 11].
It may thus be characterized as a special type, since it has several distinguish-

ing features (Figure 1; absorption, May 1, 1964.).

At first glance, it makes a great deal of sense in physical terms to
distinguish between individual subtypes of auroral absorption, making use of
their differing relationship with visible auroral polaris and local magnetic
disturbances, since the "criterion of form" is somewhat formal. However,
this is not absolutely correct. In all studies pertaining to the second group,
after the subtype was identified with the formal characterization, its relation-
ship with the visible aurora polaris aund local magnetic disturbances was steady.
It was found that no matter which basis of classification was used, several
subtypes developed by different authors arose; namely phase SAI (sudden absorp-
tion increase) [6] corresponds to type F [9]; and phase SVIA (slowly varying

intense absorption) [6] corresponds to type S [9]. Classification by form
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A dB has several advantages over
13 February 1964

11 classification empleoying the,

“}; differing relationships
h . between auroral absorption
A dB 2 %
4 7 December 1963

and local magnetic distur-

bances. This is due to the

fact that such factors
as a zero point in the diurnal
pattern of magnetic distur-

bances (20.8 - 10h LMT) [8,

12] and the impossibility

13 February 1964 of visual observations

of the aurora polaris during

the daytime have no influence

i 'J . i X upon this type of classifi-~
) 0 Z]
[ 1
§ 7

cation.

A dB 1 2 . [
|
“I 1 May 1964
2
f —-\““—’\\J“uV\\b\ Each of the types F, S,
1 { i
E) 0 i 2 LMT

8 of the S-diurnal type is most

clearly observed at a specific
Figure 1. Examples of auroral absorptionm. . .
Time LMT (30°E). local time, and is character-
ized by several features
which pertain only to it. The relationship between each of the subtypes or
auroral absorption is not clear: whether they are special phenomena or whether
they can be combined and explained by a certain physical process which is
responsible for changes in the auroral absorption during one day. The purpose

of this study is to answer this question.

Analysis was made of data derived from measuring absorption of cosmic
radial emission obtained at Loparskaya at the Polar Geophysical Institute base
(.= 68°37'N, A == 35°17" E) from December 1963 to December 1964. The rheometer

operated at frequency of 32 mHz. The antenna— a wave channel having five
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elements— was directed toward the pole of the sea. Elementary cases were
studied during the analysis (for example, Figure 1). It was found that the
time pattern of absorption preceding and after the maximum may be represented
in the form of the following expressions:

t— 1, L—ty

Ay = Amaxe + Tin ! (1)

‘.11 = .1m:lxc 1:d

where A.InaX is absorption at the maximum for a given elementary absorption
event; Atis absorption at a given moment of time when absorption increases or

decreases; t,is time of absorption maximum; T4 Tinis characteristic. time of

0
decrease or increase in absorption. It is clear from Figure 1 that T4 does

not equal 1, .
in

All absorption events which satisfied the following conditions

conditions were analyzed.

1. Absorption at the maximum must be no less than 2 decibels. This value
was chosen for the following considerations: Brown [11] showed that the
majority of absorptions of S have the amplitude of 2 decibels. It was noted
in [12] that the maximum of type S absorption is observed in the zome of the
aurora polaris. Therefore, by studying 4 >'2 decibles, we excluded with
great probability  those absorption events which could have been recorded

by the side lobes of the rheometer directional pattern.

The absorption level preceding and after the event in consideration could
not be greater than 0.5 decibels. The only exception was those April events
of extremely great absorption, when the level of the '"background" equals 1

decibels.

3. During the day under consideration, if the given type of absorption
had two, three, or more maxima of approximately equal magnitade with
intermediate minima amounting to no less than half the maxima, then Tn

was selected before the first maximum, and 3 after the last maximum.
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About 100 events were studied in all., The overwhelming majority (85%) had
a "correct" form which satisfied expression (1) quite well.

Figure 2 shows the diurnal pattern of 7, for all the absorption events

studied. The local time (30°E) of the maximgm is plotted along the abscissa
axis, while the Tin values are plotted in minutes along the ordinate axis.

In spite of the great scatter of the points, it is apparent that, after local
midnight, there is a clear increase in the values of Tin before 11h LMT.

At 11 - 15h LMT the scatter of the points is so great that no conclusion may
be reached at this time regarding the behavior of v . Therefore, all events

in the crosshatched time interval were excluded from the overall investigation./135

The diurnal pattern of the values of the T4 averaged over one hour is
shown in Figure 3. It is interesting to note that the scatter of T4 is compar-
atively small. This means that in the analyzed intervals there is a continu-
ous increase in the values of average of T4 From 3 - 11 hours there is a
linear increase in the values of T4 depending on the distance of the

stations from the northern meridian.

T min
Figure 2. Diurnal pattern of
T, for all the studied absorp-

tion events. LMT (30° E) time.
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Figure 4. Divrnal pattern of 14

for all absorption events studied.

IMT (30° E) time. Notation, same as in
Figure 2.

Since the majority of authors upon classifying the subtypes of auroral absorp-

tion analyzed the absorption increase rate up to the maximum [9 - 11], while in

[5, 9, 11] this characteristic determines the type of absorption. Figure

4 gives the diurnmal pattern of Tin for all the absorption events considered.

Just as previously, the crosshatched region is excluded in the investigation.

Figure 5 presents the values of Tin averaged over one hour. It may be seen

that from 0 to 11h LMT Tin increases almost linearly as the distance of the

station from the northern meridian increases.
Thus, we may reach the conclusion that, for local events of auroral absorp-

tion, there is a gradual but continuous increase in T4 and Tin depending on the

local time (or depending on the distance of the station from the northern

meridian) in the 1 - llh LMT interval.

It is interesting to note that a change in 4 and Tin depending on local /136
time (Figures 3 and 5) closely coincides with the results obtained by different

authors ; namely type F[6, 9, 10], which is characterized by an absorption
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increase in several minutes, is observed at
close to local midnight, while type S (increase
in 30 minutes) is observed approximately at

4 - 6h LMT [6, 9, 11]. Finally, the absorption
type introduced by Ansari [5] which has

a still longer duration, is observed in the

ﬂ!"'Ll\lllJ;llllllJl
2

2 2 6 mlMT 14 early morning (around noon) hours. However,
Figure 5. Diurnal pattern as these data have shown, all types of
o .
of Tj,. LMT (30° E) time. absorption (F, S, S~diurnal) are interrelated.

Averaging interval - 1 hour.
If we use the criterion of form for classi-

fication, it may be noted that type F
absorption which is observed at midnight gradually — and not abruptly —
changes into type S absorption in the early morning hours. Then around noon
it changes to type S—diurnal absorption. It may therefore be assumed that all
these absprption types are determined by a single physical process whose
diurnal pattern is responsible for the change in the absorption form. Such
processes may be the diurmal pattern of the recombination coefficient and the

diurnal pattern of the rate at which the intensity of the ionizing flow changes.

Actually, if it is assumed that the main flow of intruding particles
is stopped or almost stopped at the absorption maximum, then the absorption

decrease may be represented as a recombination process following the law [13]:

IN

f—d{‘ = ‘—ije, (2)

where Ne is the electron density; B is the constant coefficient which depends on /137
atmospheric density and not on electron concentration. Expression (2)

holds when the concentration of free electrons decreases due to their adhesions

to neutral atoms, as a result of which many negative ions are formed.

The diurnal pattern of the absorption form could possibly be explained
by investigating the separation of electrons from negative ions as the
ionospheric illumination increases (based on the position of the crosses and

circles in Figures 2 and 4;this is very difficult to represent). However,
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by analyzing the rapidly and smoothly changing events of auroral absorption,

we reach the conclusion [14, 15] that the relationship N> N~ holds for

them (i.e., the concentration of negative ions is small as compared to

the electron concentration). Since we do not know any other recombination
process which can explain the observed change in the local absorption form

as a function of local time, we must then investigate the second possibility —-
namely, that the diurnal pattern of the rate at which change occurs in the inten-

sity of the intruding particle (electron) flow (which is respomsible for the auro-
ral absorption). This explanation is even more possible since direct measurements
of the rate at which the electron flow intensity changes on balloons [16] closely
coincide with the results obtained in this study. The values of Td calculated

with data from [16] Td for the decrease in the electron flow intensity lie closely
along the absorption curve of Td shown in Figure 3. However, it must be noted

that close to local midnight T, of local events of auroral absorption can be

d
determined by the rate of recombination,as was dome in [8]. This is due to the
fact that at this time the rate at which the electron flow changes is greater
than the recombination rate. However, as the station recedes from the northern
meridian, the reason for the change in form of individual events of

auroral absorption may more and more be found in the diurnal pattern of the rate

at which the intensity of the ionizing agent (electrons) changes.
CONCLUSIONS

1. It is impossible to draw a distinction between individual subtypes
of auroral absorption introduced by several authors, if the rate at which
absorption increases in each individual case is used as the classification
criterion. It decreases smoothly in the 1 - llh IMT interval, which leads

to a gradual change in the form of absorption.

2. The diurnal pattern of the rate at which the intensity of the ionizing
agent (electrons) changes is apparently responsible for the diurnal pattern of

the auroral absorption form.

The authors are indebted to B. M. Yanovskiy and M. I. Pudovkin for valuable
advice and interest in this work.
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MAGNETIC ACTIVITY AT HIGH LATITUDES OF THE NORTHERN
HEMISPHERE DURING THE MAXTMUM AND MINIMUM OF THE SOLAR CYCLE

R. G. Afonina and Ya. I. Fel'dshteyn

ABSTRACT. The paper presents the results of the analysis
of the space-time distribution of intensity of geomagnetic dis.
turbances in the IGY - IQSY periods with the help of equivalent
ranges of K-indices according to the data from the high-latitude
observatories of the northern hemisphere. This analysis is
premised by a summary of the main regularities of magnetic
activity in high latitudes, obtained with the K-index appli-
cation.

The results obtained are as follows:

1. At ®' >70° the magnetic activity remains at high
level also in the years of the minimum of the solar activity
cycle.

2. The region of the maximum values r, in the coordi-
nate system ''corrected geomagnetic latitude -- geomagnetic
time" is of an oval form, located in higher latitudes by
day and in lower ones at night.

3. With the increase of K_ the region of the maximum
disturbance is removed to the lgwer latitudes, but in all
cases it preserves an oval form.

The displacement of the oval of the maximum magnetic
disturbance agrees well with the dynamics of the auroral
belt.

A number of extensive investigations are devoted to the study of the space-
time distribution of magnetic activity at high latitudes. The magnetic
activity is measured by diverse indices; hence, their utilization naturally
results in rather distinct deductions relative to the regularities of its

distribution. The indices utilized in the literature can be separated into
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two fundamental groups which differ in time resolution, three- or one-hour.

The index K 1is defined by the maximum amplitude of the oscillations of
three geomagnetic field components in a three-hour interval adjusted for a
quiet day and expressed in points. It was introduced into magnetic observa-
tory practice in 1939 [1] for the total characteristics of the magnetic field
variation. It is often utilized in analyzing disturbances because of the
simplicity of the definition and the accessibility of data from a planetary

network of magnetic observatories.

The most extensive investigations of the magnetic disturbances in terms of
the index K are in [2 - 8]. Indexes with a one-hour time resolution
(ry, @ have been utilized in investigations [9 - 13]. Application of
hourly indices to study the diurnal variation in magnetic activity is an
indisputable advantage [12 ,14], and the fact that three-hour indices have
been used in a number of researches up to now can be explained only by the
fact that very few stations [15] publish the Ty and Q characteristics. Dis-
satisfaction with the description of diurnal changes in activity by the three-
hour characteristics resulted in Canadian researchers’rejecting completely the
recording of the K indices at the high-latitude Resolute Bay, Baker Lake
and Churchill observatories, and going over to hourly amplitudes despite

international recommendations.

In connection with some discrepancies in the morphology of the magnetic
activity at high latitudes during the IGY— discrepancies which has been obtained
on the basis of hourly indexes [12, 13] and three hour indexes [7, 8]—it would be
interesting to clarify whether or not such a discrepancy results from the rough-
ness of the methodology for determining the latitude and time distributions of
the magnetic activity when utilizing the three-hour characteristics. We prefer
a brief survey of the results of studying the regularities of magnetic activity
at high latitudes, obtained by using the index K, to such an analysis. A

survey of analogous results according to the hourly index LY is presented in

[12, 13].
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Latitudinal changes in the amplitude and phase of the first and second llig

harmonics were analyzed in [2] after the diurnal changes in K had been expanded
into the harmonic series Sa= ZCn cos (nt - an). It turned out that the first
phase of the harmonic varied between 0° at ov 65° to 150° at &v 80°. The
phenomenon hence proceeds in a sufficiently individual fashion, and will sometimes
differ in close~lying observatories. Representing Sa as the sum of two terms

dependent on universal and local time, respectively
Sg == S () + S(T),

the author [2] found that there is no component dependent on universal time

in Sa (at least in the middle latitudes).

The magnetic activity in observatories located at identical geomagnetic
latitudes, but at different longtitudes,is sometimes gquite substantially different.
Hence, it was assumed that the "longitudinal terms" of Sa can be associated
with singularities in the ionosphere, which is inhomogeneous along a geomagnetic
parallel, and with the inhomogeneous conductivity of the Earth, which
causes a dependence of the current induced in the Earth on the longitude.

The "longitudinal terms' in Sa can be represented by series in universal time,
but this representation will be formal in nature, without any specific physical
meaning. The form of Sa at high latitudes is checked better by the distance of
the observatory from the aurora borealis zone (the corrected geomagnetic latitude
') than by the geomagnetic latitude. Seasonal changes in Sa occur as -a result
of seasonal oscillations in the part S(t) rather than because of the annual
change in the slope of the geomagnetic dipole axis to the plane of the

ecliptic (universal time effect).

Fundamental investigations of the magnetic activity at high latitudes have
been performed in [3]. The change from the index K in points to equivalent

amplitudes by means of the relation

_ Zrighs

rg = ZN:, ’
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(where Ty is the mean three-hourly equivalent amplitude of v; Tix is the three-
hour amplitude for the index K of point i; Ni is the number of K-indices

of points 1) gave a comparison between values of the magnetic disturbance

for various observatories which utilized different scales to record the index

K.

It has been shown that the calculated equivalent amplitudes do not
differ by more than 5% from the three-hour amplitudes measured directly on
magnetograms. Processing the magnetograms of a number of stations by using
scales for which the lower boundary of the index K is 1000, 1500 and 2000 vy
showed that the magnitude of the equivalent amplitudes is independent of

the scale choice.

Therefore, a methodological basis for measuring the magnetic disturbance
in a three-hour period in absolute units by going from the indices K in
points (tables are published regularly by the International Index Service)
to equivalent amplitudes Ty has been developed in [3]. The magnetic disturbance
of 49 magnetic observatories at high latitudes of the northern and southern
hemispheres 'was analyzed by means of Ty> primarily in IPY (International
Polar Year) I and II. Two kinds of magnetic activity were investigated in
detéil, the nocturnal and the diurnal, which are characterized by different

seasonal changes vhich achieve the greatest intensity at declination of 1 v 77°

at night and I ~ 85° during the day.

The time at which the activity maximum appears changes with latitude. It
turns out that the latitudinal distribution of the average daily values of the
activity, the time of appearance of the maxima, the separation of the stations into

those having only daytime and those having only nighttime activity is ordered /141

e

essentially if the inclination at a 5000 km altitude is utilized in place of
the geomagnetic latitude or the inclination at the Earth's surface. Presented
in Figure 1 from [3] are changes in the average daily values of the equivalent
amplitudes as a function of the inclination. The great difference in average
daily values at observatories with approximately identical inclination, but

located at different longitudes, is noticeable. The scatter of the points
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indicates a considerable longitudinal effect in the average daily values of ;K'
The data from stations with the same kind of activity located at equal I, but at
different longitudes were averaged to eliminate the longitudinal difference.
This permitted obtaining the latitude history of Tx for which the disturbance
varies smoothly with inclination.

Latitudinal changes of r, are presented in [3] for individual seasons only

for values averaged with resgect to the longitude (Figure 2). The

nocturnal disturbance achieves the highest values at the equinox, and the
diurnal, in the summer. As the disturbance level increases, the nocturnal
disturbance (I ~ 77°) is magnified sharply. It is much stronger than the

diurnal disturbance (Figure 3).

Changes in the magnetic activity (Sa) were investigated in [4], according
to data from a planetary network of magnetic observatories. However, in
contrast to [3], where the change from the indices K to the equivalent
amplitudes had been accomplished, latitudinal changes in the phase and ampli-
tude of Sa in fractions of the index K are considered in [4]. Since this
makes the possibility of comparing the amplitudes of variations in stations at
different latitudes difficult, we shall not consider the results obtained in
[4] in detail, particularly since IGY data were again analyzed by the same

authors in [7,8] with more material (with the change to equivalent amplitudes).

The latitudinal dependence of the geomagnetic disturbance according to the
three~hour index along the midday and midnight meridians during the IGY and
IPY has been bbtained in [5]. It was calculated for definite cycles of in-
clination of the geomagnetic dipole axis with respect to the plane of the 1142
ecliptic. Therefore, a change in Sa due to the diurnal and seasonal change of
this angle (influence of universal time) was excluded. The change in Ty with
latitude has been obtained for a definite orientation of the geomagnetic
dipole by superposition of the data of many observatories dispersed at
different longitudes, with different universal time periods, and for different
months, but all satisfying one demand — a definite orientation of the dipole

axis relative to the plane of the ecliptic. Assuming that the polarity of the
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data from a group of observatories through
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denote the Barrow and Yakutsk observatories,
not part of the average.

geomagnetic field does not influence the distribution of the geomagnetic
disturbance, the author [5] ﬁtilized data from both hemispheres. The scatter
of the points over the latitudinal sections is sufficiently great is due
primarily to longitudinal effects. Hence, smoothed curves were drawn through
points yielding a disturbance of stations within + 22.5° longitudes from the
geomagnetic meridian passing through the geographic and geomagnetic poles. It
will later be shown [16] that the spread diminishes substantially if the cor-
rected geomagnetic latitude (¢') is utilized according to [17,18], instead of
the geomagnetic latitude; however, it remains sufficiently substantial at

70 - 80° latitudes.

The dependence of ry on ' for different geomagnetic dipole orientations
for planetary indices of magnetic activity Kp =0, 2, 4, 6 is presented in

Figure 4 from [16].
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1. The maximum disturbance on T—=l

the night side is located at identical

latitudes in both the summer and

winter seasons (lower and upper part
( PPer P Figure 4. Dependence of the value of

of the graph for a 11.5 and 23° slope the geomagnetic disturbance on ¢'
along the midday-midnight meridian

angle, respectively). On the day side
g€, P y) n Y > for dipole axis declinations of

the maximum disturbance is located at 0, 11.5, and 23° relative to the plane
higher latitudes in summer than in winter. of the.ecliptic for KP=0’2’4’6’
during IGY.

2. TFor moderate Kp the latitude of the maximum disturbance region is
greater in the daytime than at night in both summer and winter. The shift of
the maximum disturbance region towards the equator as Kp increases is more
substantial around the midday meridian than along the midnight meridian.
Therefore, the maximum disturbance region is not a circle of constant latitude.
It is an oval in a polar projection, even if the corrected geomagnetic

latitude is used as a coordinate.
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It should be noted that the passage from K-indices to Ty in [5] was done
by a method rather different from that utilized in [3, 6-8]. Graphs of the
dependence of K on Kp at noon and midnight were first constructed for each
month at each station for separate three-hour intervals. The value of K,which
was transferred into the equivalent amplitude by means of the known point

scale of the index K at a given observatory, was determined from these graphs
for Kp =0, 2, 4, 6.

An assumption of the existence of a functional relationship, or at least a

correlation, between Kp and the local index K at a specific observatory /143

underlies such a method of determining the equivalent three-hour amplitude.
Such correlation dependences have been obtained in [5]. The index K_ is
determined from the data of 12 observatories located at subarctic latitudes;,
.hence, it characterizes primarily the intensity of nighttime magnetic
disturbances, which are most intense at ¢' ~ 65°. 1In the region near the pole,
geomagnetic disturbances reaching tens of gammas and not connected with the
nighttime disturbances [19 ~ 21] may appear in the summer in the daytime.
Worsening of the correlation between Kp and K in observatories near the pole,
which can result in a difference in the values of r, determined by different

K
methods, is explained by the appearance of the diurnal disturbances.

The diurnal magnetic activity in Ty at the polar caps is analyzed in detail
in [6]. It has been shown that the time of maximum magnetic activity,
estimated by the equivalent ampli;ude Ty observed in the region near the pole
(a polar distance 6< 14°) at about noon, experiences a systematic deviation /144

from local noon. The magnitude and direction of the shift depend on the

longitude, and they change sign upon passage through the local noon hour

at the southern '"pole of invariance".(l)

(1) The pole of invariance is understood to be the position of a
point on the Earth's surface to which a line of force arrives from infinity when
taking account of the real magnetic field of the Earth. The geographic
coordinates of the pole of invariance are: X = 125.08°E and ¢ = ~74.84°
(southern hemisphere); A = -81.61 W and ¢ = 80.11° (northern hemisphere).
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The deviations obtained are presented in Figure 5 are derived from [6].
Since the magnitude of the shift depends on the longitude, it is then possible,
at first glance, to consider the activity caused by the action which depends on
universal time, i.e., on the orientation of the geomagnetic dipole relative to
the plane of the ecliptic. It has been shown in [6] that this shift, just like
the seasonal variations in diurnal activity, is not due to the daily and annual
changes in orientation of the geomagnetic dipole relative to the plane
of the ecliptic. The maximum sets in at a time equidistant from the local and
magnetic noon of the observatory, and it is due to the shift of the time of the
maximum from the magnetic to the local noon because of the increase in iono-
sphere conductivity at local noon. Such an interpretation of seasonal changes
in activity agrees with the results in [2], where it was assumed that seasonal
changes are due mainly to the variations in the part of the activity component
dependent on local time. A longitudinal shift in the maxima is due, exactly as

in [6], to the influence of conductivity of the ionosphere or to local effects.

An estimate of the contribution of the various components to the resultant
K-index showed that variations in the vertical component are quite
essential in deducing the K-index in the region near the pole. The Z-contri-
‘bution is magnified as the source of variation recedes from the observation

point. Hence, annual changes in the ratio of the Z amplitude to the amplitudes

of the X- and Y-components indicate recession of the source of variation from the

circumpolar region in winter as compared with in summer. The essential con-
tribution of Z to Ty must be taken into account in comparing results of the

spatial activity distribution according to the indices K and r

g °f Q.

The diurnal variation in activity at the Little America, Amundsen-Scott,
Gauss Land (14° < 6 < 17°) stations is characterized by two maxima which
appear at hours which are symmetric to the hour of appearance of the single
maximum in the 6 < 14° region. As 6 increases, the discontinuity between
the time of appearance of maximal rKincreases. The presence of one maximum
in the circumpolar region and its bifurcation at lower latitudes are explained
in [6] by the precipitation of high-energy particles into the oval zone

enclosing the pole of invariance and located at higher latitudes in the daytime
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o z %J%;"rz 56 L ally-quiet days of 1957-1959, at 92
-1t observatories,were investigated in
-2} A [7,8]. The analysis was by equivalent
417 amplitudes, to which the transition
9T was made from K indices just as in [3].
Figure 5. Difference between the It was assumed that Sa is of complex

hour of maximum magnetic activity and

local midday H-L as a function of the structure, and depends on both the

hour of local midday for eight local t and the universal time T
Antarctic stations of the center of

the polar cap. Vertical line is the 5= S+ ST STy =

time of local noon for the southern “ (6) £57(T) +8"(T)

" ° £ 1 -

pole of invariance’. Numbers P’ 08 (t — ) & " ¢03 (T — 1) + r” ¢o3 (T' —7),

longitude of the observatory.

where S'(t) is the part of Sa depend-
ent on local time, S"(T) is the asymmetric part of Sa’ s'''(T) is the
symmetric part of Sa’ and S'" (t) and S'''(T) are checked by universal time.
The plus sign in the second member refers to winter-—and the minus, to summer.
Therefore, in contrast to [2, 6], seasonal changes in Sa are connected both with
tiie annual behavior of the slope of the dipole axis and with the change in

corductivity of the ionosphere.

The separation of Sa into parts dependent on local and universal times was
done by the method of harmonic analysis, as in [2]. Assuming that the first
harmonic predominates in the diurnal behavior of most of the stations, the
authors [7] limited themselves to the analysis of only the day waves. Repre-
senting Sa in a universal or local time reference system, it is possible to

write, according to [7], that
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Figure 6. Dependence of the rhase of maximum Sa(rK) on the

longitude A in a universal time Q and local time « reference
system according to [7]. 1l-northern hemisphere stations;
2 - southern hemisphere stationms.

Sa = rycos (T — Q°) = rycos(t — ) = r'cos (t —P) + ricos (T — &),

where

t=T—A\.

If the contribution of universal time in Sa is comparable to the contri-
bution of local time (rII vr'), then f and w will change regularly with long-
itude. If it is considerably less than local time (rII < r'), then Q will
vary with longitude, and the change in w as a function cof Q@ is insignificant.
To clarify the relationships e¢f @ (}) and w(X), it is necessary to utilize
values of Q and w et stations lcocated at approximately identical geomagnetic

latitudes.

Presented in Figure 6 from [7] are dependences of Q¢ and w of the first
harmonic of Sa for high latitude stations (¢> 60°) in the summer season. The
lines illustrate the cdependence of the quantities Q@ and w on longitude.
According to [7] the results presented in Figure 6 mean that two components in
Sa are essential during the IGY -- a component controlled by the local time of
day, and a component dependent on universal time. They yield equivalent con-
tributions to Sa’ A quantitative estimate made in [7] also shows that the ratio

between amplitudes of components controlled by universal and by local times
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Al at 60° < ¢ <65°, and varies somewhat with the season. However, data from
cbservatories which were not in a narrow latitude range but in the whole high
latitude region ¢ > 60° were utilized in the construction of Figure 6. Hence,
they are not free of the latitude effects described in [2, 3, 6], including
changes in w with latitude. The dependence cf y on ¢ is imposed on the
dependence of y on A, if it exists. In order to obtain in pure form the ceper—
dences w()\) and Q()\) it is necessary to reconstruct Figure 6 so that the lines
connect the phase angles @ and w of stations located at approximately
indentical ¢, but different A. Figure 7 illustrates the dependence of the
phase angles of the first harmonic on the longitude, which we constructed from
data in [7], for the summer and winter seasons of high latitude stations of

the northern hemisphere. For convenience in comparison with Figure 6, values

of Q@ and y for all stations with & > 60° are superposed in Figure 7. The

phase angles of Sa at observatories located in the latitude range 60°< ¢ < 65°

are connected by lines.

In the summer season Q changes regularly with longitude. As the longitude
increases, the activity maximum in a narrow latitude belt is manifested at
earlier hours of universal time, i.e., the nature of the change in @ is opposite
that pictured in Figure 6. Upon going over to local time in the summer season,
w does not change with longitude in practice (the observatory at Lake Dikson
is not included in this dependence), i.e., the activity maximum is manifested
at the identical local time at stations of different longitudes. In winter
there is a tendency toward a variation of w with A, and the amplitude of the
variation in the phase angle is ~110° and A changes by ~240°. 1In changing to
the corrected geomagnetic time,the amplitude w' diminishes to 470° and can be
A50°, if it is taken into account that, as a rule, w at the observatory in
College 1is 200° and not 218° as is assumed in [7]. Therefore, w changes
substantially less than Q with longitude. Hence, a more exact analysis of the
changes in the phase angles Q and w with longitude did not verify the depend-
ences Q(A) and w()) obtained in [7] and showed that the contribution of the
component S(T) is substantially less than the contribution of §(t) at
60° < & < 65° during the IGY. It follows from Table 2 in [7] that it is

hardly possible to neglect the second harmonic at high latitudes. For example,
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imum S _(x,_,) on the longitude A according to
results in [7] in a universal Q and local w time
reference system for northern hemisphere stations
at & > 60°., Lines connect phase angles of stations
located at 60° < & < 65°.

out of the 15 high latitude stations of the northern hemisphere with ¢ > 60°
in the summer, six stations have a second harmonic contribution commensurate

with the contribution of the first harmonic in the summer season.

In order to separate the activity variations into the parts S(t) and
8(T) the stations having approximately equivalent geomagnetic latitudes but
different longitudes were combined into groups. The amplitudes and phases of
corresponding components were found by expansion in trigonometric series. To
separate S(T) into the parts S"(T) and S'''(T), the winter-summer differences
and the winter-summer sums were analyzed. Latitude changes in the amplitudes
and phases of all three components of Sa were presented in [7] as a function

of the geomagnetic latitude.
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Given in Figure 8 are latitude changes of the parameters of the S'(t)
component from [7], which are characterized by the following: 1) The amplitude
r' reaches its greatest values in two zones at & = 63 - 67° and at ¢ ~ 78°;

2) the activity is maximum near noon at ¢ ~ 0 and ¢ ~ 78°; 3) the activity
predominates at ¢ = 63 - 67° in near midnight hours.

It should be noted that Sa’ calculated according to [7] and observed

at a number of high latitude observatories, differs noticeably.

By calculating the mean diurnal disturbance at. each observatory for winter,
the equinox, and summer, and taking the latitude behavior of the S'(t) para-

meters as shown in Figure 8, the authors [8] obtained the position of the

* zone of latitude maxima activity presented in Figure 9.

There are two zones of elevated activity at high latitudes in the summer. /148

Their shape at any instant of universal time is almost circular. The first

corresponds to the standard Fritz zone (6 » 67 - 65°), and the second to
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a ring at the latitudes 75 - 78°. In winter there is one ring zone at

v 63 - 65°. The activity maximum in the first zone is observed at all hours
of the day independently of the season. The presence of a magnetic disturbance
at ¢ = 63 - 65° in the daytime is not confirmed by the results of A. P. Nikol'-
skiy [14] and M. S. Bobrov [20]. The disturbance in the second zone, which

is greatest in the daytime,has a sharp maximum in the summer and is insignif-
icant in winter. In summer the zones are separated by a region of relatively
low activity. The maximum activity zones on magnetically-quiet days are

located at the same latitudes as on disturbed days.

The deductions obtained in [8] relative to the position of the maximum
magnetic activity zone contradict the results described above according to
data in [6, 16], as well as data based on hourly indices of magnetic activity
[11, 12, 13]. According to these latter, the region of maximum magnetic
activity has the shape of an oval enclosing the geomagnetic pole and located
during the daytime at higher latitudes than at night. On going from day to
night hours, a smooth diminution in the latitude of the maximum activity zone
is observed. The oval is fixed relative to the Sun, and is oriented so that it
is located at ® ~ 75° in winter in the daytime, and at & ~ 67° at night.
Moreover, the maximum activity region shifts somewhat towards the equator as
Kp increases. The existence of such an oval, observed at fixed instants of
universal time, follows from aurora borealis observations [22 - 24] and is ex-—.

plained by the structure of the internal magnetosphere [25].

It is completely probable that the position of the zone of maximum magnetic
disturbance in [8] is a result of utilizing the ordinary geomagnetic
coordinate system in place of the corrected geomagnetic system, and a con-
sequence of the methodology used which does not take account of -the second
harmonics and longitudinal effects in the mean diurnal values of the field,
which may be quite substantial [26, 12, 3]. It is possible that in a more
exact analysis taking account of all these factors, the difference between the
position of the maximum magnetic activity zone found by the hourly indices in

[11 - 13] and in [8] would diminish substantially, and would reflect only the
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specifics of the indices themselves which were utilized (taking account of the

more remote sources in the K-index, and of currents at the zenith in the Ty and

Q-indices).

According to [7], the spiral-shaped part of the oval can be obtained accor-
ding to the data in Figure 8 if latitude changes of the phase of the S'(t) /149
component are pictured in a polar projection. Such a spiral from [7] is pictured
in Figure 10. However (see Figure 8), for the winter season the phase of
S'(t) changes within 0h < P< 4h limits in the 60° < ¢ < 80° range, while the
spiral includes 12 hours local time in this same range of latitudes. For the
summer season, the phases of S'(t) equal mOh and leh for 60° < ¢ < 70°
and 73° < & < 80°, respectively. Hence, the phases of S'(t) for the summer

season are not pictured on the polar diagram as a spiral, but as two segments

near the zone and twelve-hour meridians.

A spiral distribution can be obtained if S'(t) is represented as the

superposition of two waves with a near-midday and near-midnight maximum whose

phases do not change with latitude
S’ (t) = rycos (¢t —a) -+ ry cos (t —B).
The time of the maximum is determined in local time from the relationship

rysina 4 ripsin B

tgt=

rycosa - ri;cosfB

in this case. Assuming o = 180° and g = 15° according to [7], the changes in t

in the 60 - 78° range can be computed for the summer season for a latitude

change in the amplitudes ri and riI presented in [7]. It is found that the
change in t is less than 2 hours, and not 12 as the spiral distribution

requires. Small changes in t are in sharp contradiction to results on aurora
borealis and magnetic activity with respect to hourly indexes, according to

which the oval zone is included entirely within the 60 - 78° range of latitudes

in the winter.
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Figure 9. Location of the maximum magnetic activity
zone in disturbed days in 1957 - 1959, in a polar
pProjection.

This brief survey and comparison of data on the distribution of the K
indices which are known in the literature indicate that to obtain a well~
founded space-time distribution of the magnetic activity controlled by local
time, it is necessary:

1. To have available data in the corrected geomagnetic coordinate
system;

2. to exclude the possible contribution of components controlled by
universal time as well as the significant longitude effects in
the mean diurnal values;

3. to take account of not only the first but also higher harmonics
in S'(t) in extracting the part of Sa controlled by local time.

Ih
2 ACTIVITY DURING THE IGY ACCORDING

TO rK

(4

\ Results of observations of 22 high lat-
13h s0° [ [oo 61\ W\ 60)ch

itude stations of the northern hemisphere are

utilized to clarify the space-time pattern

of the magnetic activity estimated by the K

index. Indicated in the table is the location
h s )
0 of these observatories; i.e., their geographic

Figure 10. Latitude behavior (¢,A), geomagnetic (®,A) and corrected geo-
of the phase of the S'(t)

] Al . .
component according to [71. magnetic (&',A') coordinates are presented
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TABLE

Observatories ¢ A @ A ’ o’ ‘ A’
Eskdalemoor 55°19°'N [ 03°12'W | 58,5°N | 83,2° 54,3°N| 80,5
Nurmijarvi 60 31 24 30E | 57,8 112,9 56,6 13,6
Agincourt 43 47 7918 W | 55,3 46,8 57,2 | 830,1
Larvik 60 08 o 11w | 62,5 88,8 58,9 84,3
Minook 54 37 113 20W | 61,9 300,8 62,5 201,2
Welland 66 10 169 50 W | 61,7 232,8 62,6 243,0
Sodankylya 67 22 26 39E | 63,7 120,4 63,4 | 109,2
Colledge fx* 3’2 ig: :g ]V}' 64,6 fg’?; 64,9 | 2603

iksi 2o k1 60,3 ’ 67,6 194,9
%;g;;oBay (739 go :;8 g:lllg 67,2 116,; 63,3 10%,4

i 333 0 3tE | 62,8 165, 63,0 | 174,9
E;‘;i‘o’f; 71 18 156 45 W | 63,5 240,7 601 |247.0
Churchill 53 30 9% 12W | 63,6 322,5 70.0 326.0
Medvezhiy Island 74 31 1BD0ME | 711 124,0 70,9 | 110,9
Cape Chelyuskin 77 43 104 17E | 66,1 176,5 7,3 173,9
Tikhaya Bay 80 30 5248E 1 713 133,5 7%,3 | 14,7
Baker™ Lake 6% 18 96 00W | 73,8 314,8 75,1 320,4
Murchison 80 03 18 15E | 75,0 128,0 76.0 121,2
Godhavn 69 14 53 31 W | 80,0 33,6 77.6 43,3
Resolute Bay 74 42 94 54 W | 83,1 287,7 84,3 393,0
Thule 77 29 69 10W | 892 37,4 87.7 39,6

The K-indices of the majority of observatories considered are published in /150

[27]. It has been remarked above that the magnetic activity is characterized by
substantial longitudinal effects. To eliminate them, it is necessary to

average the data of observatories located at identical latitudes but different
longitudes. Consequently, it is extremely desirable to have the greatest
possible number of points with different A. However, there are no K-indices
in [27] for a number of high latitude observatories located in the western
hemisphere and on Spitsbergen. Since data from these observatories are

needed to eliminate the effect of universal time in Sa’ as well as to smooth
the longitudinal differences, the K-indices of the Canadian observatories at
Resolute Bay, Baker Lake and Churchill, as well as those of the observatory at
lfurchison, were recorded directly from magnetograms stored at the B2 World Data

Center.
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The tramnsition from K-indices to equivalent amplitudes was made just as in
[3]. The amplitude limits of each point were taken according to [28] depending
on the scale used at the observatory. The calculations of Sa and the mean
daily values of the magnetic activity were made separately for all days and
periods with planetary magnetic activity Kp =0 -1, 3 and 5 for November,
December, 1957 ; January, February, 1958; and May - August,1958 (respectively).

A list of the daily changes in Ty at high latitude stations of the southern

hemisphere is contained in [29].

Presented in Figure 11, is a latitudinal distribution of the mean diurnal
;K for Kp = 3 in winter and summer as a function of & and ¢'. For Kp = 3 the

volume of statistics is greatest, and the change in ;K with latitude is the

same as for calculations of ;K for all days. The curves in Figure 11 are drawn

through points representing the arithmetic mean of the values of ;K within a 2°

band in ¢' or ¢. The mean diurnal value of ;K at each station is shown by

a point, and the mean value by a circle. The vertical line equals the mean

(2) Figure 11 shows that the latitudinal distribution of EK

becomes more ordered in &' coordinates than in ¢ coordinates. In particular
3

square deviation. /151

the magnitude of the dispersion in the winter season diminishes from 53 to 38y

and in summer, from 55 to 30 v.

In winter L% increases from the middle latitudes to ¢' v 70°, becoming

a maximum at ®' ~ 70° & 260y . At higher latitudes, r decreases first rapidly,

then slowly at ¢' > 76°., At ¢' > 80° in the region near the pole, ;K is

substantially greater than at ' ~ 56 - 58°. Such a monotonic change in ;k is

described by the values of r, averaged within 2° limits in ¢'. If there is

K
no averaging, and the curve of the latitude distribution is drawn directly

through the ;K of the specific observatories, three maximums can be computed

(at &' ~ 64, 69,and 71°). We assume that the curve drawn through the averaged

data to be closer to the true latitude distribution of ;K

2 The ;K of Murmansk observatory were not averaged.
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Figure 11, Latitude distribution of the mean diurnal values of

magnetic activity in r
the geomagnetic
= 3.

K
P

The differences in the r

K

for winter and summer as a function of
¢ and corrected geomagnetic @' latitude for

of observatories located at approximately

identical ¢' are due to local and longitude effects which sometimes result in

substantial changes in r

Churchill A¢' = 0.3°, while the ratio is r

A®' = 0.4°.

K

K

For example, the ratio is Ty = 1.8 at Barrow and

= 1.9 at Chelyuskin and Medvezhiy

All four observatories are located at &'~ 70°, where night distur-

bances, which reach their highest intensity in this region, yield the greatest

contribution to r, in winter. In summer the magnitude of the ratio diminishes.

K
The mean diurnal level of disturbance levels off to a considerable extent,

which is apparently explained by the influence of remote sources of disturbance

which are very intense in the daytime hours of the summer season in the region

The sharp difference in Y., at observatories with identical /152

K
corrected geomagnetic latitudes again makes it necessary to average Ty over

near the pole.

the latitude circle to eliminate quite significant longitudinal effects.
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The latitude distribution in the summer period is characterized by a high
level of activity in the circumpolar region which is twice the corresponding
winter level. Moreover, a second increase in ;K at &' ~ 75° is observed on the
curve of the latitude distribution of ;k for the summer season. The averaged ;k
are identical in magnitude at ' ~ 70 and 75°. The dispersion in the points at
this part of the curve is such that it is difficult to verify definitely the
existence of two maximum zones of magnetic activity at these latitudes in the
summer. However, it is not excluded that the latitude change in ;k will reach
maximum values at &' ~ 70° (nocturnal disturbances) and ¢' ~ 75°
(diurnal disturbances) in connection with the development of intense magnetic
disturbances in the circumpolar region in the summer. The ratio T,

K (summer)/
varies with latitude. The greatest changes occur at high latitudes

k (winter)
at & >74°, Seasonal changes are small at &' < 70°. Therefore, at latitudes

where nocturnal disturbances predominate, the mean diurnal values of the
activity do not change from the winter to the summer solstice, while its
changes are significant in the circumpolar region. These data are in conformity

with [31.

The fundamental features of the latitude distribution of ;k are presented

in Figure 12 for Kp <1 and K_ =5 (for Kp < 1 the number of cases is small).

The maximum values of r, are always observed at ¢' ~ 70° in winter. However,

K

for a weak disturbance (Kp =0 - 1), the ?k at o' ~ 70° are always 25Y greater

than the Iy in the circumpolar region. As Kp increases, the Ty increases

at all latitudes, and particularly significantly at ¢' ~ 70°. The latitude

distribution takes on the customary bell-shape . In summer the Ty vary

relatively different manner as KP increases at @' n 70° and 75°. TFor KP =0 - 1/153

the ;k at o' ~ 75° is 25y greater than the ;k at ¢' = 70°. For Kp = 3 the ;k

at these latitudes are equal (see Figure 11) and for KP = 5 the disturbance

at ¢' ~70° is 100y greater than the ;k at &' ~ 75°. Such a redistribution of

r, with the change in Kp is explained by an abrupt increase in the intensity of

K
the nocturnal disturbances when going from Kp =0 -1 to Kp = 5, and the relativ-

ely weaker magnification of the diurnal disturbances in the circumpolar region.
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On the whole, the results of the analysis of the latitude distribution of

;K in summer and in winter verify the deductions obtained earlier [12, 13] in an

analysis of the mean diurnal magnitudes of the Q-index and ;H: In winter the
mean diurnal values of the magnetic activity are maximal in the Fritz-Weston
zone of the aurora borealis for any value of Kp. In summer the magnetic
activity in the circumpolar region increases abruptly and is at a high level
throughout the whole polar cap from the geomagnetic pole to the aurora
borealis zone. Only during strong magnetic disturbances is a region with
maximum magnetic disturbance at latitudes of the Fritz-Westin aurora borealis

zone again manifested in the latitude distribution for the summer season. It
is known that the diurnal changes in magnetic activity depend on the lat-

itude of the observatory and the season. Pictured in Figure 13 are the Sa of
several observatories for the winter and summer seasons. In winter Sa has a
simple shape with a maximum in the nighttime at é' ~ 65° and in the daytime at
@' v 65° (Sodankylya, Tromso, Thule). At intermediate latitudes (Chelyuskin) Sa
is represented by a more complex curve with two maxima in the pre-midnight and
morning hours. Just like the latitude distribution of ;K’ the shape of Sa is
determined to a greater extent by the corrected geomagnetic latitude than by the

geomagnetic latitude of the central dipole. 1In the summer the daily
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Z ol maximum also remains unique at ¢' > 75°.
-§ Zg 17or Y At &' ~ 65°, besides the maximum

(g 50 ﬁg# around midnight, there is a second

A “at ;ﬁ: maximum in the evening hours which is

5 zg_ i 200 Y hardly noticed in Sodankylya and is

o r2ob 160} clearly seen in Tromso. The rise

:g ZZ: ﬂmF‘\\L‘\‘\‘\~/J/, in activity in the evening at these

2 uo t ﬁz: latitudes is even more clearly mani- /154
E fgg o fested in the hourly indices [11, 12].
© ey ég: t The morning maximum is retained at
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& rTEvas W2 g g 6§ k% zormoreover, a second activity maximum

Figure 13. Diurnal changes in magnetic is manifested in the post-midday hours
activity in winter and summer for all
day observations. Arrows indicate
local noon.

in addition to the pre-midnight hours.

The time of appearance and the
number of Ty maxima in Sa depend on ¢'. 1In winter one maximum is observed in the
near midnight hours from 60 to 80°; the other sets in at later hours local
time with the advance into higher latitudes: at 2h at &' N 62° and 12h at
¢' > 80°. In summer, the separation into two maxima becomes noticeable at
' v 62°, where as the latitude increases, the morning maximum is manifested
later, and the evening maximum at earlier local times. In a polar projection
these dependences are spirals analogous to those described earlier for the
hourly indices. As Kp increases the spirals are deformed somewhat. The change
in the spirals with growth in activity can be determined more accurately on the

basis of hourly activity indices hence,we do not consider this here.

The value of the magnetic activity which changes during the day can be

determined from the general relationship

Sa= So-+S(T)+ S (1),
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where t = T + A, SO is the mean diurnal value, S(T) and S(t) are parts of the

diurnal behavior dependent, respectively, on universal and local time [2, 4].

The extraction from Sa of the part controlled by local time can be accomp-
lished by averaging the Sa of stations located at the identical ¢' but at differ-
ent longitudes,ywith respect to local time. The first harmonic of S(T) is elimina-
ted when takiné‘the.average for two stations separated by 180° longitude. The
first and second harmonics are eliminated for four stations with uniform
longitudinal distribution, etc. But the S(t) part is conserved completely to
the very highest harmonics. Moreover, taking the average of the mean diurnal
-value with respect to the longitude smooths out the longitudinal effect ;K’

Therefore, taking the average with respect to local time of Sa of a number
of observatories at identical latitudes leads to values of magnetic activity:
a) free of the influence of universal time [the part S(T)]; b) smoothed with
respect to the longitudinal effect (in rK); ¢) retaining all harmonics up to

the highest in the part S(t).

A comparison of the Sa for loucal and local geomagnetic times showed that
local geomagnetic time regulates the phenomenon best. Hence, Sa is averaged
with respect to geomagnetic time (t'). The Sa of the following observatories

were utilized:

Nurmijarvi - Agincourt 56.9
Sodankylya- Minook 63.0
Tromso - College 65.6
Churchill-Barrow-Cape Chelyuskin
Medvezhiy Island 70.5
Tikhaya Bay-Baker Lake 74.7
Godhavn - Murchison 76.8

The %' of each observatory differed from the @év of the appropriate pair /156
by not more than several tenths of a degree. In the 'corrected geomagnetic

latitude - geomagnetic time" polar coordinates, Figure 14 gives the intensity
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distribution of Lo for the listed pairs of observatories for the winter and
summer seasons for Kp < 1, and for all days for Kp = 5. Values of Ty of the

part So + S(t) for the appropriate three hour interval are indicated by numbers
along the lines ¢' = const. Isolines drawn by interpolating between appropriate
numerical data yield a general representation of the distribution of the magnetic
activity components dependent on local time. The heavy line in the shape of

an oval in the &', t' coordinates is the position of the maximum disturbance
region. The location of the oval for different KP characterizes the dynamics of

the maximum disturbance region.

For KP < 1, the greatest disturbance in the winter season is observed at
' ~ 70,5° at night, and @' ~ 74.7° by day. As Kp increases, the disturbance
intensity grows strongly at all latitudes, and the region of maximum distur-
bance shifts towards the equator on both the day and the night sides of Earth. An
analogous shift is also observed for the auroral bands as Kp increases [30, 31].
However, the ovalness of the region of maximum disturbance is conserved for all
disturbance levels, because the disturbance reaches maximum values at higher
latitudes on the dayside as compared with the nightside. The absolute value
of the disturbance along the oval decreases from nighttime to daytime. An

analogous result has been obtained according to hourly indices [12, 13].

In summer, in contrast to winter, the greatest disturbance is observed at
¢' v 75 - 77° in the forenoon. For Kp < 1 the maximum disturbance in these
hours is possibly located at still higher latitudes. As Kp'increases, the
nocturnal disturbance at ¢ ~ 65° is magnified abruptly, and for Kp = 5 the
disturbance achieves maximum values at night and by day. In summer, as in
winter, the maximum activity region forms an oval whose width increases with the

passage from nighttime to daytime.

The presence of two elevated disturbance regions along the oval in the sum-
mer season indicates that the oval zone of maximum magnetic disturbance is
inhomogeneous. Since the oval is located on the boundary of the region of
magnetic lines of force forming the loop of the magnetosphere, the diurnal dis-

turbance should then be connected with processes in the region of the high-
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latitude neutral line on the dayside, and the nocturnal disturhance in the fegion

of the neutral layer of the magnetosphere loop.

The abrupt magnification of the diurnal disturbance of the summer season
is the reason for the second high-latitude maximum in f{ at ¢'v 75° noted above.
Therefore, one oval zone exists at high latitudes rather than two quasicircular
zones of maximum disturbance at ¢= 63 - 65° and & = 75 - 78°. However, the
disturbances in the diurnal and the nocturnal sectors of the oval are different,

and can hence vary differently with disturbance level, season, etc.

In Figure 14, the region of maximum disturbance values was determined by
the latitude of a pair of observatories at which the disturbance was a maximum
within the given three-hour interval., The latitude and amplitude of greatest
activity in this three-hour interval of local geomagnetic time can be determined
more exactly if a parabola with a vertical axis is drawn through the maximum
value of Ty and two points which frame it. Then the coordinates of the parabola's
vortex define these two parameters. Shown in a polar projection in Figure 15
is the location of a maximum disturbance region calculated in this manner.

The dynamics of the oval in the near-midday and near-midnight hours is in

good agreement with [16] and with the dynamics of the aurora borealis bands.

Taking the average of Sa of a pair of observatories with respect to uni- 1;21
versal time, an attempt can be made to extract the component S(T). A maximum
is clearly apparent at 12 - 18h UT by pairs with @;v 65.6, 70.5, 74.7, 76.8°
in the averaged patterns on all days in winter. In summer the changes in Iy
with respect to UT are extremely irregular, and maxima can appear at any time.
Hence, in winter the component S(T) introduces a contribution to Sa and the
time of the maximum corresonds to that obtained in [7, 12]. However, the
contribution of S(T) to Sa is slight. Otherwise it is difficult to explain
why diurnal changes in Ty differ quite insignificantly in a number of observa-
tories with identical ¢' but diverse longitudes. Presented in Figure 16 are [léﬁ

changes in Ty in the winter season at observatories at Tiksi Bay, College,
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Tromso (Kp = 3) and Minook, Sodankylya (all day). The almost total similarity
of the diurnal changes indicates the insignificance of the component S(T) in

this case; however, a difference is perceptible for other Kp.

Since the amplitude of S(T) at high latitudes is substantially less than
the amplitude of S(t), the latitudinal displacements of the maximum disturbance
region should then result in a redistribution of relative values of Ty at
observatories located at identical longitudes but different latitudes. In
particular, Ty will be maximal at lower latitude stations in the nighttime, and
at high-latitude stations in the daytime., The identical longitude of the observ-
atories eliminates the longitude effect and makes it possible to compare the

Sa in universal time.

There are two such chains of observatories at our disposal, in Canada and in
Western Europe. Presented in Figure 17 are Iy for all day for the Minook,
Churchill, Baker Lake, Resolute Bay stations. Since interruptions occurred in
the recording of the magnetic field, time intervals during which there was
no recording at a certain observatory were then excluded from the computations

at all the observatories.

The disturbance is at a maximum at night in the winter between Minook
and Churchill and drops at the pole. 1In the daytime, the Ty are maximal
at the Baker Lake observatory. In summer at night, the disturbance is greater
at the Minook and Churchill observatories at night, and at the high-latitude Baker
Lake and Resolute Bay observatories during the day. These changes in the posi-
tion of the maximum disturbance oval agree with the results obtained above by
averaging Sa of pairs of observatories. Analogous diurnal changes in the rel-

ative values of Ty are also observed in the chain of European observatories.

Tx ACTIVITY DURING THE 1IQSY

The regularities in the r  distribution descrihed above characterized

K
the year of high solar activity. Observations during the IQSY period permit-

ted a corresponding analysis in the year of the minimum. TIf the sun had been

231



extraordinarily active in 1957 - 1958 (mean monthly Wolf number~ 200), then the
mean monthly Wolf numbers in 1964 were less than 10 for the major portion of the
year.

The Sa and ;K were calculated seasonally during the IQSY: winter (January-
February and November - December 1964) and summer (May - August 1964) for
all days and separately for Kp <1, Kp = 3 and Kp = 5, With some exceptions,
the K~-indices of the same observatories as during the IGY were used. In partic-
ular, there was no material from magnetic observations at the Murchison observ-
atory at the B2 World Data Center, but there was a possibility of using data

from the Kirun and Reykjavik observatories.

In Figure 18 is the latitude distribution of ;K for all day for Kp <1, K,
= 3,and K = 5 as a function of @'. The curves have been drawn through points
representing the mean values of ;K for 2° intervals in ¢'. No curve was drawn
for K = 5, because intense planetary disturbances were rarely manifested during
the IQSY and hence the statistical confidence in results obtained for KP = 5 is

slight.

The ;K at the Reykjavik observatory is less for all disturbance levels than
at Tiksi Bay and College . This is apparently a manifestation of the longitude
effect, which consists of reduced values of the magnetic activity at the

European observatories as compared with the Asiatic and American [12, 26].

In winter the r., is a maximum at &' &~ 71° for all disturbance levels. It /159

K
diminishes towards the equator and towards the pole. The drop at the pole is

sharper for intense disturbances. Despite the abrupt diminution in solar
activity, the intensityof a disturbance at the maximum is kept at the same
level as during the IGY. The position of the maximum is also shifted quite
negligibly. Conservation of the magnetic activity at a high level during the
minimum solar activity year has been noted earlier in [5, 33]. Thus, the mean
diurnal disturbance level at ¢' ~ 70 - 71° experiences no noticeable cyclic

changes, remaining ~100y for Kp <1 and ~300y for Kp = 3., In the region near
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the pole r, increases in 1964 as Kp grows. The ratio ;K is V2 for Kp <1 and

vl for KP = 3 during the maximum and minimum years.

Therefore, a sufficiently intense magnetic disturbance, comparable in
magnitude to the disturbance in the maximum year, is observed at high latitudes
even in the year of the minimum solar activity cycle. The difference in the ;K
distributions during the IGY and IQSY for all day is slight in connection with
the relative redistribution of the number of intervals with KP <1, Kp=3 and
Kp = 5, and is less than two. 1In 1957 -1958, intervals with Kp = 3 appeared

most often, and with Kp < 1 in 1964.

The disturbance in the circumpolar region is magnified sharply in summer.
For Kp < 1 the ;K is approximately identical in the whole range of latitudes
' v 70°, but as Kp increases a more intense magnification of ;K is observed
at 9' ~ 70°,as compared with the polar region. All these singularities of the
latitude distribution of T, were also characteristic for the year of the
maximum.

The Sa retain the basic features of the IQSY period in 1964: one maximum
at night at &' ~ 65° in winter and at ¢' > 80° during the day, and two maxima
in the evening and morning hours at intermediate latitudes. There is a dif-
ference in that in 1957 - 1958 two maxima were clearly observed in the Cape
Chelyuskin observatory, while there is just one night maximum at this
observatory in 1964 and a two~humped curve appears at higher latitudes. Two
maxima are seen clearly at the Tikhaya Bay observatory in Figure 19. The
cyclic changes in the shape of Sa at the Cape Chelyuskin observatory can be
explained by the fact that the Cape Chelyuskin observatory was within the
oval zone of maximum magnetic disturbance in the all-day observations in the

winter of 1957 - 1958, and in the zone itself in 1964.

The part controlled by local time was extracted from Sa by the method
described above, and space-time distributions of ;K’ presented'in Figure 20

for Kp =1, Kp = 3, and Kp = 5, were constructed in a polar projection.
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Figure 18. Latitude distribution of the mean diurnal values of
magnetic activity in Ty for winter and summer for Kp < 1, Kp— 3,
Kp = 5, and all day in 1964.

Circles - mean value of r every 2° in ¢'

The Sa data, averaged with respect to geomagnetic time for the observator-

ies,are presented below: /162

Nurmijarvi - Agincourt 56.9

Sodankylya - Minook 63.0
College - Reykjavik - Kiruma - Tiksi Bay 65.4
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Arrows show local noon.

Cape Chelyuskin ~ Churchill 70.6
Tikhaya Bay - Baker Lake 74.7

In addition Sa from the
Godhavn and Resolute Bay observa-—
tories near the pole were utilized
(without averaging).

L Values of L% of the part S0 +
S(t) are indicated along the isolines
¢' = const in Figure 20 for the
corresponding three hour interval.
The isolines drawn by interpo-

lating between corresponding numer-
ical results yield a general con-
cept of the distribution of the
magnetic activity component depend-
ent on local time. The heavy line
in the shape of an oval in the

', t' coordinates represents

the position of the maximum disturbance region. The position of the oval for

different K.p characterizes the dynamics of the maximum disturbance region.

Just as for the IGY period, the position and intensity of the maximum

disturbance were calculated in a parabolic approximation. In contrast to the

IGY (see Figure 15), when the maximum disturbance is observed at night in

winter at lower latitudes as K.P increases (&' ~ 71° for Kp =1 and ¢' v 67°

for K= 5), the maximum disturbance is retained at 70 — 71° latitudes in the

IQSY as Kp varies between 1 and 5. An analogous phenomenon was noted earlier

also in the distribution of the aurora borealis [32]. The calculated position

of the maximum disturbance region for all day observations in the years of

the maximum and minimum solar activity cycle is presented in Figure 21. Both

in winter and in summer, independently of the phase of the cycle, it is an oval

in shape, located at higher latitudes in the daytime than at hight. The oval is
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Figure 20. Changes in Iy in three-hour local geomagnetic
time intervals in a polar projection for pairs of observ-
atories. Heavy line conmects points at which the dis-
turbance is a maximum for the given three-hour interval.
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Figure 21. Location of the maximum disturbance
region for all day observations in winter and
summer. 1 - IQSY, 2 - IGY.
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Figure 22. Averaging of S, over chains 1964, we had data of four observa-
of observatories at College , Reykjavik, tories located approximately uniform-

Kurina, Tiksi with respect to UT. . . . ' °
Arrows note local midnight at each ily in longitude for o' ~ 65°.

observatory. Presented in Figure 22 are results

of the averaging for the winter and /163

summer seasons during the periods when there were sufficient statistics. The

diurnal changes in I, at these latitudes are of simple shape; and hence, the

data from the four observatories are adequate for a reliable extraction
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of the S(T) portion. In winter S(T) is at a maximum in the 12 - 18h UT

range, and at 12 - 15h UT in summer. Therefore, the phase of the S(T) component
changes somewhat from winter to summer. The ratio between the amplitudes of

the components S(T)/S(t) changes during the solar cycle, increasing at the
minimum. This agrees with the results obtained in [15]. An analysis of the
winter-summer differences in S(T) verified the presence of an S(T) portion

during the IQSY, which attains a maximum value at 15 - 18h UT [4].
CONCLUSIONS

Space-time patterns of the magnetic activity during the maximum and minimum
solar activity cycle are considered herein for different planetary disturbance

levels and all day. The following fundamental results are obtained.

1. The magnetic activity is kept at a high level at high latitudes even
in years of minimum solar activity. The mean diurnal values of ;K are approx-
imately identical in the IGY and IQSY at ¢' ~ 70°, while their ratio depends on

Kp in the region near the pole, but also is ~l.

2. The region of maximum values of ;K in a "corrected geomagnetic
latitude-geomagnetic time" coordinate system is oval in shape and located at
higher latitudes by day and lower latitudes at night. The magnetic disturbance

in the diurnal and nocturnal parts of the oval has a different physical nature

by day and by night.

3. As K_ increases, the maximum disturbance region shifts towards lower

latitudes, but retains its oval shape in all cases.

4. TFor a quiet magnetic field (Kp < 1) the oval is located at ¢'~n 71°
in the nighttime in winter both for IGY and IQSY. For Kp = 5 in the minimum
years, the oval is at ¢' ~ 70°, while it is at ¢' ~ 67° in the maximum years. /j¢4
These results on the dynamics of the magnetic disturbance oval are in good o

agreement with the dynamics of the aurora borealis belt.

238



5. The oval arrangement of the maximum disturbance region is much more

clearly expressed in summer than in winter.
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